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AN ESSAY, 

BOOK L 

On the Mechdnism of Nature ; or the 
Use of natural means inthe producing 
of physical effects. 

CHAP. I. 

The Introduction. Some occasional reflections 

on the prejudices of Philosophers. Apology 

for the Author^ with an account of his de- 

sign. Two different St/stems of Philosophy 

briefly explained. 

£^OD having created the world for the 
^^ benefit of all mankind, every man has 
a natural liberty of inquiring into the ftruc- 
ture of it, and examining the various mo- 
tions that appear in it, with their severM 
VOL. VIII* . B depend- 



2 On the Mechanism 

dependences, circumstances, and causes': a 
study highly commendable, if confidered 
only as an inexhauftible fund of innocent 
^.amusement, but worthy of a better name, 
when applied to its proper use : for if it be 
not our own fault, we may, out of the good 
things that are seen, know him that is ; and^ 
by considering the works, be led to apknowlege 
the power, goodness, and unspeakable wis- 
dom of the workmaster. 

In this inquiry, though a man may reap 
many advantages by seeing with ihe eyes of 
others, who could see farther than himself, 
and is greatly to be blamed \f he does not 
make use of the opportunity ; there is cer- 
tainly no law that "obliges him to keep his 
eyes Ifiut, where his own safety and satis- 
faction require him to open them. The 
constitution of the world, together with the^ 
powers, causes, or principles upon which the 
operations of nature depend, being matters 
of fact, and not points of speculation, it is 
evidence alone that can lead us to any rational 
determination. 

My design at present, therefore, is to col- 
lect as much of this evidence as the case 
can reasonably be thought to require, and 
lay it before the public, without any regard 

to 
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to the systematical reasonings, or reputed 
authority, of this oi* that philosopher in par^ 
ticular. Iti the prosecution of this design, 
I shall endeavour to express my mind with 
freedom and impartiality, as a man ought in 
conscience to' do, who has no private ends 
to serve, and does not desire that the value 
of what he has written fhould be determined 
hf the favour of his friends, but rather that 
his enemies, if he has any, would rigoroufly 
compare it with their own observation and 
experience- 

If we are not free from those vulgar pre- 
judices — that it is a great misfortune to be 
singular— that the rhultitude (who have been 
always changing) must necessarily be in the 
right — and that the last writCF, who has ob- 
tained Ji name in any subject, is to be fol- 
lowed implicitly in every thing he has pro- 
pounded ; we ihall be afraid to inquire^ and 
to endeavour to advance the progress of true 
and useful knowlege, as we all profess to do, 
and all ought to do ; but shall rather fall 
upon the fruitless labour of accommodating 
every new discovery to the principles we have 
already received, looking at the same time 
with a suspicious eye on every writer, whoy 
with regard to any particular article, would 
B 2 turn 
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turn us out of the beaten track. An ancient 
maxim of the once celebrated ThomasAquinas 
• — Cave ab illo qui unicmn librum legit, de- 
serves to be considered by all those, who dare 
not venture abroad in quest of truth, but 
behind the back of their tutor : in which 
fitiiatiori they may possibly see so much of 
him, as to be able to see nothing else. 

It will readily be granted, I suppose, that 
such a practice as this is very childish and 
absurd, provided the observation be applied 
only to the prejudices which once reigned in 
favour of Aristotle, Descartes, or the Chy- 
mists : yet it so happens, that if an author 
comes home to his own times, and ventures 
to look into any of the pretensions of the 
present age, he rs in danger of being assault- 
ed by all that meet with him, and generally 
with the greatest vehemence by those who 
are the most superficial in their knowledge. 
This consideration, 1 frankly confess, hath 
I sometimes had so much weight, and appear- 
ed so formidable to me, that 1 have been 
almost tempted to throw my pen into the 
fire, rather than employ it against any cur- 
rent opinion. A sincere love, however, of 
the science of nature, and a confirmed per- 
suasion both of its usefulness and its im- 
portance, 
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portap<je, ought to prevail against these 
difficultiea; and they have prevailed with 
me, to try, in the first placie, if I can ^'iB^pek 
some of that learned darkness with whicit 
the subject has betn overspread, and opajti 
the way to a better understanding of it. 

And here I cannot but reckon it a great 
advantage to truth, though it is none at all 
to myself, that, in perusing the following 
sheets, the reader is in no danger of being 
dazzled or misled by the influence of anamo 
so inconsiderable as that of the author; who 
has no popular prejudices to appeal to, an4 
cannot expect to be heard upon any considerr 
ations, but the importance of the matter, th§ 
clearness of the facts, and the strength of 
the argunjents he has to propose. 

Why this attempt should give offence to 
any perspn, he cannot well imagine. For, if 
we divide the world of Philosophers into two 
parties, ^ome of whom are influenced by aa 
undis^embled zeal for the Christian faith, 
while others are not ashamed to declare that 
they have no religion at all; the former, I 
presume, can have no good objection to any 
phylical disquisition, which is conducted 
with submission and modesty ; it being im- 
.possible that true religion and true philosophy 
,B 3 should 
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should be at variance; because He who 
created all those works, which are the proper 
objects of natural philosophy, was also the 
author of divine revelation : and God is not 
divided against himself. And unless it were 
in my power to point out some particulars, 
in which this disquisition may prove to be of 
service to religion, I should be able to give 
but a poor account of those many hours, 
which I have been obliged to borrow from, 
that profession and study, to which the pro- 
vidence of God hath more immediately called 
me. As to the latter, they, I think, who 
are so forward to tell us, they have rejected 
all human 3,uthority, and can think freely 
]fi matters df religion, will not be very con- 
siispent with themselves, if they are angry 
with ine for thinking as freely in matters of 
iphilosophy. 

This ought to be remembered likewise for 
the satisfaction of all parties, that if the 
method of explaining natural effects, now in 
vogue amongst us, be established on suffi- 
cientproof, or rather, as it is commonly re- 
ported, on undeniable demonstration; all 
that 1 shall occasionally offer against it, 
though it may puzzle some superficial read- 
er§ unacquainted with the subject, will not; 

weaken 
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\<rcaken it in the opinion of any man of true 
learning and judgment. If it be not esta- 
blished on sufficient proof, what harm will 
there be in disbelieving it ? We shall then 
be at liberty"* to turn our thoughts another 
way, and may be looking out with some 
better prospect* of success. And as it ap- 
pears, to me at least, that no physical effect 
is really explained or understood, unless it 
is deduced from a physical cause, the exist- 
ence and operation of which can be experi-^ 
mentally demonstrated ; I shall humbly 
endeavour to shew, that the modern philo-* 
sophy, although it has carried natural know- 
lege to a great height in some respects, can 
furnish no sound arguments or real objections 
against the mechanism of the natural world ; 
and that in every thing it has advanced 
against this mechanism, it doth itself pro^- 
ceed upon such principles as are arbitrary, 
and unsupported by any evidence that is 
truly philosopliical or physical. These I 
know are very bold assertions ; but if the 
yeader will only prevail with himself to bear 
with me for a while, and have a little patience, 
Jie may perhaps find some reasons, mqre con- 
siderable than he is aware of, for bein^ pf 
the s^-mg opinion. 

' B 4 Every 
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Every person, who makes use of his senses, 
inust needs be convinced, that the matter 
comprehended within this visible world is 
fiill of motion; and the learned have verjr 
greatly doubted, by what means, and after 
Vhat manner, this motion is supported ancj 
preserved. Some of them, according to their 
own accounts, begin with the two principles 
of matter and a void space. To their matter 
they give this capital Lawy that if ouce 
moved, it shall continue in motion, becansQ 
k has no power to stop itself. Thus they 
elude' the necessity of providing any phi^sical 
cause for the conservation of motion, and 
Aave themselves all that trouble, which they 
might otherwise have in searching after it. 
Then, from the principle of a vacuum^ or 
space void of all sensible matter, they pro-- 
pose the two- following .advantages ; that a 
body will have room wherein to move, and 
that being once set a gomg, thiere will be 
nothing iii the way to obstruct or diminish 
the quantity of its motion. 

In this manner they account for the con- 
tinuance of that motion which is rectilinear : 
but then for the producing of other motion 
in curves and compounded directions, with 
which nature is observed very much to 

abound. 
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abound, they suppose an emission of imma*» 
tcrial virtues or forces, propagated through 
their vacuum from one parcel of matter tq 
another far distant from it These virtuei? 
are of two sorts : by the one of them, one 
body is so affected by another as to be drawn 
nearer to it; by the other, it is caused to 
precede from it : and necessity requires, upon 
some occasions, that the $amc parcel of mat- 
ter be allowed, and that in all its component 
parts, to have both these powers, thougK 
contrary to, and destructive of one anothen 
The names by which they have been distin- 
guished in different ages are 6x6p» and (p/Xio^ 
love and hatred, sympathy and antipathy; 
and now they pass current under the fashioii^ 
able terms of attraction and repulsion. But 
I presume if we were to call them a pulling 
without any Jiold, and a pushing zvithoKt 
touching^ we should describe all the sense 
they have, as we}l as distinguish one from 
the other. How or when these qualities 
came into the world, and zvhat they really 
are, this sort of philosophy thinks itself not 
concerned to declare,- but only to affirm that 
there are such ; and, if pressed either with 
difficulties or absurditiet, has this to offer in 
its defence, that the world is over-ruled by 

a su- 
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a supreme intelligence, which can act in^ny 
manner^ and which appears from some ob- 
«ervationj5 to act in this manner. 

These are some of the outlines of the cos- 
mographical system, which was taken up, 
and cultivated with all the geometrical skill 
of the great Sir Isaac Newton ; who, as an 
honourable author has truly observed of him, 
*^ was made by nature and inclination for 
mathematical studies*." Most of our cele- 
brated mathematicians, who are led by a 
natural bent to a like method of reasoning, 
are confident, that he has transfused into 
physical subjects the certainty of geometrical 
demonstration. Hence they tell us, he has 
secured his philosophy from the hazard qf being 
disproved; and have accordingly bespokeu 
all the discoveries that shall happen to arise 
}n future agesy which, it seems, are to con- 
firm and enlarge his doctrines^ but can neoer 
refute them f. Whether the case doesi in all 
points come up to their description of it, . we 
shall be bptter able to judge, I hope, from 
the contents of the following sheet;?. 

Other pbilpgop]iei'? there are, v{\\o tfelieve 
' \ the 

♦ See the Life of Dr. John N^rthj p. 26o. 
+ See Mgcleurin's Account of Sir J^aa^ Nc^tonH Dif, 
^qvejies, 
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the frame of nature to be a perfect and welU 
otdered machine : in other words, that the 
visible system of the world, created, disposed, 
and set into motion by the finger of God, 
acts as a machine does ; a connection and 
communication being preserved between all 
the distant parts of it; for, if you interrupt 
the contact of a machine, you destroy its 
motipn in all those parts from which the 
communication is cut off. More particularly 
they assert, that the fluid sethereal matter of 
the heavens acts by impulse on the solid mat- 
ter of the earth; is inst?^umental in every 
one of its productions ; and necessary to all 
the stated phcenomena of nature. Hence they 
divide the elements into e,d:we znA passive ; 
iQot that they are such by any inherent or 
essential difference, but that, according to 
the order established by the divine architect, 
they are observed to subsist under these dif- 
ferent relations. 

* This sort of philosophy 'c!annot pretend to 
be new. Certain it ifi, that all the descrip- 
tions and allusions in the sacred writings 
agree to such a scheme of nature rather than 
to any other.^ And that the most ancient 
heathens were jn possession of this know- 
.Jege, I shall take occasion to shew, before I 

finish 
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£nish what I have to say upon ,thia subject* 
When it was in their liands, the active ele^ 
rnents had a principle of intelligence, ascribed 
to them, and were taken for the Gods that 
govern the world. But with those who are 
taught that the tt^ue God is distinct from and 
above the world of matter, though virtually 
present in it by a providential inspection and 
superintendence, it will only serve to enlarge 
their ideas, by setting before them the visible 
evidence of that divine wisdom, which, with 
so exquisite a contrivance, and such a sim- 
plicity of design, hath adapted physical 
causes to the production of their respective 
efiFecta: it will introduce them to aknowlege 
of things, instead of leaving them to founder 
in a set of hard words, which, as I shall here- 
after, shew, have not yet been defined, nor 
ever can be, so long as the world lasts. 
• Something like to this was attempted i^ 
the last century by Descartes : but his me^ 
thod of deducing the knowlege of physical 
pauses a priori was very exceptionable. He 
ipeas so fond of being thought an original, 
that although an universal subtile matter does 
certainly exist, he stated the case in such a 
fashion as to render it suspected ; and hav- 
ing assigned a motion to . his elements not 
2 agreeing 
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Agreeing with experience, and such as can- 
not be made sense of, so long as Kepler's 
law is admitted, his hypothesis was easily 
brought into <;lisrepute^ Many of the learned^ 
however, in other countries, do still endea- 
vour to make the best of it ; rather because 
all experiments shew them the absurdity of a 
vacuum, and the insufficiency of attraction*, 
than that they believe the system of their 
master to be absolutely perfect* And here 
let me observe by the way, that where nature 
is the subject of inquiry, no error can be 
more unfortunate than that of reasoning a 
priori. Men have no right to assume the 
character of lawgivers to the works of God, 
but must be content to borrow from them all 
the laws of their 6wn philosophy; and till 
they will condescend to do this, there can 
be nothing but useless wrangling and dis- 
pute, even in regard to first principles and 
fundamentals. Descartes was of opinion, 
that the world is directed by some subor^ 
dinate and mechanical causes. In which he 

seems 

• Consult De Gamaches Astron. Phys. p. 348, &c. Reg^ 
nault. Entret. Phys. vol. 3. p. 322, &c. Ban'teres Examen. 
p. 28. & alibi pass. Le Plufche Hist, of the Heavens, 
Book 2. c. 10. As for the Abbk Nolletf he refers us for his 
scDtinienti to the Jbbi le Flufche. ■ 
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seems to have been right only by accident j 
for as to the kind and quality of these causes, 
he searched no farther than hi^ own brainy 
and neglected those undeniable phaenomena 
with which his causes are not to be recon- 
ciled. 

Sir Isaac Newton, on the other hand, was 
very diligent in studying those phaenomena 
which belong chiefly to the class of natural 
effects ; in the adjusting of which he makes 
a great figure; but unhappily solves the 
whole government of the created world by a 
nostrurriy which hath never yet been under- 
stood ; and in the application of which he 
was not very consistent with himself, as we 
Ihall find hereafter. 

The followers of Newton and Descartes 
having thus admitted something which is 
arbitrary in the very foundation of their 
schemes, we can never expect to see their 
disputes brought to any iffue, so long as 
there are men equally learned and ingenious 
on both sides to perpetuate them. 

While these able philosophers are contend- 
ing with each other, some in the pursuit of 
fame, and others in the pursuit of truth, 
without being able to agree wheie and with 
whom it is to be feund, 1 should not dare to 

inter- 
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interpose in such a subject, unless I suspected 
natural philosophy to be a much easier thing 
than they have made of it ; and such as a 
plain man, who only consults the proper 
evidence, and * pretends to no more wisdom 
than the rest of mankind, may be able to 
strike some light upon. This, however, 
cannot be done in such' a manner as to be 
attended with any good effect, till it is first 
determined, whether the operations of nature 
are immediately owing to mechanical causes, 
or whether they are conducted after a man- 
ner unknown to us in empty spaces. Those 
who affert the latter are- supposed to do it 
with demonstration on their side. It would 
be vain, therefore, to describe the mechanism 
of -the world, and descend to the consider- 
ation of any particular effects, so long as 
even the general method of solving effects 
by the operation of mechanical agents is 
thought to be an absurdity. This method 
of philosophising is the very thing, against 
which, some, of the demonstrations, that 
have gained most credit with the learned, 
are directly levelled : and the writings of 
our modern reasoners, whether metaphy- 
sicians or mathematicians, are stored with 
objections, not only against tli« reality, but 

eveu 
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tven the possibility of a mechanical agencjf. 
To these their objections 1 shall now addressr 
myself particularly, and endeavour to shew, 
that not one amongst them all is of any 
force. As to their prejudices^ I do riot un- 
dertake to remove them : but leave it to time, 
and a farther knowledge of things, to weaf 
off all such impressions as wilfnot bear ta 
fee reasoned with. 



CHAP. II. 



A Reply to the principal Objections in Df: 
Clarke's Letters to Mr. Leibis^itz. 

rwill be allowed me, that the celebrated 
Dr. Samuel Clarke, when he undertook 
to defend the Newtonian philosophy against 
Mr. Leibnitz, an able Cartesian, understood 
what he was disputing, about, and hath said 
the best that was to be said upon the occa- 
sion. If this should give but little trouble, 
we have not much to fear from any body else. 
He has brought together several argu- 
ments against the doctrine of a general 

mechanism 
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ttiechanism in nature ; the first of which, if 
it can be called an argutnent, consists in 
barely aflertingthe impossibility ofit. Certain 
portions of fhattevy says he, are obliged to 
follow each others motions by an adhesion of 
parts, 'which no mechanism can account 
for*. 

Noir, that the parts of bodies are made to 
adhere together, and some of them very 
strongly, is an undoubted matter of fact; 
that no mechanism can account for this, or 
that it. cantiot be occasioned by the action 
and pressure of some mechanical agent, is 
what Dr. Ckrke ought to hsxe proved: in- 
stead of which, he takes it for granted ; and 
would put the labouring oar into the hands 
of his adversaries. For, havitig mentioned 
this opinion of Mr. Leibnitz, that the conti- 
nuation of motion in the heavenly bodies^ 
the formation of planets, &c. are mechanical 
operations : Whoever, says he, entertains this 
opinion, is^ I think, obliged in veBj^on to be 
able to explain particularly, by what laws of 
mechanism the planets and comets can continue 
to mace in the orbs they do through unresist* 

VOL4 vni. c ing 

■* Collection of papers between Mr, Leibnit% and Dr« 
Clarke, p. S63« 
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ing spaces; awiijf^kai mechanical Jaws hoth^ 
plants tmd cnmals are formed*. 

Bat this id the strangest task that ev^r^ 
was imposed since the labettft of Herculea : 
for we must first allpw this author ta e$nftg 
ihc cehstiMl spaces ^f %U matter, ajp^ .tb^ 
fall to work to account for the motion of t^' 
pknets in these sp^bces by mecha$Usm^ |^d 
we must do it particularly^ so a$ to gir^ 
general satisfactioQi without failing in i^. 
single article. If these spaces be voi4 of bJH^ 
resisting matter, it foUows of coui;se: tlui^ 
they are also void of aU impelling matter ;. 
for the fluid that cannot resist in some cascvf, 
will never be able to impel in others* So that 
this reasonable demand, as he thinks it, is oa 

other than this we 9xe to e^i^lain a^. 

things mechanically ; but then we must tajps 
care to do it without mechanism^ It is nop 
the method of a fair disputants to require an 
adversary to disarm himself, and to submit 
to such a state of the case, as will render i(f 
impossible for him to succeed, and prove Iwn 
to be very weak indeed, if under such cij^-^ 
cumstances he should ever set ajbout it 
4 Besides, 

* CoUedUon x>f paperi between Mr. iei^MiiK 4nd Or* 

Clarke, p. S&S. 



cuity in Dr. Clarke's way 0|f ^^pr^ffipg hjy^^ 
^; Ik feskpig Ji«r4 Ibp co»cfiiv«, fepw the 

h^ l»i9 expri^ion >ji^)^P6e9, jtb<^ ^ j^ 
ij^«r wbii* wy vm^^ » itjofttipv^^^ jii 
jte^ t\» Musd of it» Gftn^i»u?#^e> TJ^p 
.void ^^w» w9'pl^ysie?J»eAw^jiE^«M9#.nQt 
^Aoce duu *hat degrise or jjrqp«r^ip», ^ft- 
ADedmg to liiiieb ^ons^ c^^ ia c^&He^e4 j^ 
|;irQd«ucsie ito prap^ ^w^ ; a» ti«4; of t^ «l^ 
feot decreasing a3 the $quwe«.of t)i? dji^tanc^ 
iHi^reaae, bthe lair aceprding /tg ii#^ ^ 
><^auK of gravity i» ohserved to aot A^ 
Jthough I may Jbece seem to jbe critic^ing 09. 
iPi^orda, yet whoever examiiayes t^e «fl&iir ^ 
kms, causes^ pf^ers, principles^ ^jx^fmlitiof, 
M they are set jforth hy some modisrii ,flnifir 
fiophexs of gpreai: name, wdl discover no qmall 
^mbiMassment ; of wkack I could gii^esom^ 
^eurioua instances. IShe iff\\ik is. this : bdug 
%narant of pby^ical Musof^ . they hav^ .eor 
ideavouflred dK) acgue suchiiiisigt mt.of '>Ar 
jGXfitttion, and have fmttheifseimiidlin/teildhmr 
placCv; which h^s prpciuced a,s(HA[.of jcqAiLv^ 
* • C 8 cation. 
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cation, very unintelligible to those Hrho are 
not apprized of it. 

If the questions above mentioned w^ 
rightly put, there would be no such great 
difficulty in replying to them. Thus, if it 
be riequired, what mechanical cufi^e is present 
in the celestial spaces, to continue the po- 
tions of the planets and comets ? Our senses 
.tell us, that /i^A/isdiflused throughout these 
spaces: and we learn from several experi^ 
ments, particularly from those of electricity^ 
that the matter of light can impel and resist^ 
and that with a degree of power hardly to be 
believed but by those who are witnesses of 
it That the heavenly bodies can move in 
spaces filled with this matter, and yet feel 
no redstancc from it, is not to be demon- 
strated by any physical proof. I know very 
well what is commonly urged to the contrary 
from the theory of resistances j of which, in due 
order, I hope to give a satisfactory account. 
If it should also be inquired, after what 
law of mechanism this cause will act, the 
answer is easy; there being but one law 
known tp us, which a fluid, issuing in strait 
lines from a center to a circumference, can 
^MisibJy observe ; and it is this, that its force 
irill decrease as the angle grows' wider ; or, 

^ to 
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to speak, more strictly, its force will always 
be inversely as the square of the distance 
from the center. Dr. Gregory, in his Ele* 
ments of Astronomy, vol. I. p. ;506, has a 
proposition, wherein he demonstrates that 
the ^zxi^Aty oi illumination on the same 
sphere, placed at different distances from the 
lucid body, is reciprocally as the squares of 
the distances : and this is so well known to 
^very mathematician, that it is needless to 
insist upon it. 

Hence it will follow, that if the rays of 
light, or any other ^ethereal matter, whether 
issuing from the sun as from a center, or 
pressing totpard the sun as toward a center, 
have any share in the motion of the earth 
and planets, the influence of such an agent 
will be reciprocally as the squares of the dis- 
tances : its power will increase and decrease 
according to the same law, and for the same 
reason too, that the quantity of illumination 
does. This law was first discovered by 
JCepler ; and has been greatly advanced by 
the labours of Sir Isaac Newton. But then 
I beg the reader to observe, it is a geometri- 
cal law ; and as geometry is not applicable 
to immaterial essences, but only to matter 
and (jjuantity^ it must also be a law of matter, 
c3 that 



tjhat ib a mtchankdlAzM ; and if the flMiHi 
tixt UMiVed accbrding to a tkechaniml Utrn^ H 
iilurt follow, that they Ate moved *y a iwc 
ihofUSal agent, be that agent what it Villi 
F&r it woiild be abtard to the last degrM^ 
t6 believ^i that the actioh of ati immMefUti 
jMAer^ br the immediate influisfifee of GM 
hmiddf ihdUid be Ibutid td decfm^ ty M 
geomvtHchl rultj and its fdrce bt t^hlA 
<yf Wh^ calculated atvaHons didtatioes, likft 
the efflux of light from a candle ! 

Should it likeU^bfe be aiked^ Wh(at mecha- 
ftic4l ageM is cdntettifed itt the fblUdatioiiy 
gt-oWth, and support of anhhal^ and ^Oigt* 
tiibte^ ? it Is very clean from all e itJierithtMallH 
tiiat^ in the common course of things, AeiChef 
ii pilatit Hot an animal was ever yet fbrritied 
tft 8Ui>ported under fhe absence either of tfi^ 
Vt of keai ; by thte latter of which> I woUM 
Mways be understood to mean, the cff^ of 
^e. Ah egg has inr* inclosed at one e«d 
of it, to foe expanded, and mkde to |>nesS 

ti|yo!i 

* Cavitatis illias, in obtufa ovi parte> utilitates oftendani* 
Ai'rem intta fe continet ; ideoque utilis efl ad ovi vetftila^ 
'tUne^ ; ad puUi peffpirationefti, rtfrigerium> 8c refpiratio. 
4icfm ; ac deniqiie ad lOquelaif). Uiid^ cavitas TS\k priihb 
\ncigitv^ mox major^ ac demum iimxakaCQX^i^txfX* H4mf€^. 
^ de Gen. Animal* Exercif. LX]* 



^^otii file conteHts by the heat of incubation. 
And ^hat is «tiU iDore remarkable, air ^ 
fovtnAjieiAessatyy ikot to the inside only, but 
ako to tlie mtside ofu «bell, within which an 
aniiMl iiBi to be formed ; for Mr. Boyle ob^ 
^rvedy that the eggs of silkworms will nof 
be hatched within ^n €^bausted receirefy 
though it be enpbsed to the sun's rays. 

With regard to plaMs, every common gar* 
dener could hate informed Dr. Clarke, that 
air and flte hare an absolute dominion over 
the whole vegetable kingdom ; the expenc^ 
of stovesi thermometers, and ventilators^ 
might otherwise be spared, and the whblt 
business of gardening transacted in a vacutimi 
But this is so far from being the case, that it 
is really amazing to see, with what ^n exact-" 
ness the several tribes of plants agree in their 
fiubstance, sizes, and properties, with the 
season and climate in which they appear, that 
is, with the different and unequal distributions 
t>f heat and cold all over the face of the earth, 
of which phoenomenon I shall have occasion 
to take some further notice in a proper place. 
' As to the body of man, the circulation of 
the blood, and the spontaneous motion of the 
limbs, if it can be shewn that any of these 
motions are carried on without breath in the 
' ^ . c 4 lungs, 
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lungs, and heat in the vessels, it will Aca be^ 
time enough to affirm, that they cannot 
ohserve a mechanical law, or depend on the 
actions of a material agent. So far as ^e 
9re able to judge from what appears to us, 
the circulation of the hlood, and all the 
animal functions, are sustained and carried 
OBL by an internal heat, which Hf Cps tiie 
blood fluid, and by the external air pressing 
into the lungs. These serve as a pump^ ta 
draw the blood from the heart, and the air 
keeps this pump in motion. Thus the air is 
to the body, what the weight is t^ a clock ; 
while the he^rt, yfiXh its valves, performs 
the office of a pendulum^ to gauge and jre« 
gulate the circulation, What I h^ve here 
said in few word§, niight be ccjnlirmed-jat 
large from the observations ai^d experimi^ii^ 
of Sw^mm^idam, Bartholine, Dr. Hales, aij^d 
others. Were the theory of animal motion 
to be stated for us, as that of the planetary 
ilfiotions above mentioned, this author should 
have set us to account a^echauically for the 
motions of a living animal frop:i tjie examplp 
of a dead one ; the motion of the placets, in 
unresisting spaces, being just as unphilosor 
phical, and as hard to account for, as the 
ic jrculati9n of the blood in a 4^d corpse; 

I may 
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I may, observe, upon the whole, that the. 
way of reasoning Dr. Clarke hath chosea 
upon this occasion, can do no service to any 
cause whatsoever. His design is plainly this 
— ^to throw some difficulties in the way, and 
then lay the foundation of his own philoso* 
phy in that ignorance which is common to 
us all. For suppose we are not able fully to 
accomplish the task he has imposed, and 
give such a mechanical solution as shall 
be adequate in every instance ; must it be 
allowed, that there is no mechanical agency^^ 
till we are able to explain particularly Acw 
every one of its effects are brought to pass ^ 
There may be in nature a thousand examples 
of a mechanical agency, where the particular 
manner of it hath not yet been disco vered, 
nor the subject perhaps ever examined with 
such a view. And in some cases, I suppose, 
the contrivance of an omniscient artist may, 
after all our labour,- be above the reach of 
human observation ; unless the mechanical 
skill of God and man must necessarily have 
th^ s^me limits. 

To build a philosophy on these cases is to 
begin at tjie wrong end. The only course 
that can pro^iise apy tolerable success, is to 
set out with the cases that are well under- 
stood ; 
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M6dl; tad ilbttkt!^ argue by Matogy,^to 
iMch U^tat ftiore remote, and difficult of^MS^ 
bt». Bttt to b^n iiith the tlimg^ tha« «M 
tmkntnrti is tht "^rsty to create diftfottttiMI 
irhere there urere none before: and As we 
sh&ll most pr^Uy try to make thin^ of A 
fttece, onr ignorance there will difPuse itttlf 
t^nivewally, and give a mixture of darkneM 
-to the knowledge we had already obtained. ■ 
l!)r. Clafrke's manner of objecting doth 
alto givti nie a fair opportunity of turning 
the tables npon him ; and that, as I am in-^ 
dined to think, very much to the discredit 
i)f all his reasoning. For, if it be true, that 
lie who maintains the mechanism of the 
cueatiott, is obliged in reason to he able to 
txplain all effects in that way, and shew how 
tvery thing is performed mechanically ; then 
It must be equally true, that he who mairf*' 
tains the contrary, and rejects the notion of 
^ general mechanism, is obliged in reason to 
shew that nothing is performed mechanically. 
For, if it can be shewn that mechanism prevails 
in any one instance, it will lead us to con- 
clude that it must prevail in every other; 
upon a bare presumption, that nature has a 
wise author it the head of it, and is govenied 
by consistent laws, not by such as are capri- 
cious and contradictory. The wisdom of 
1 Cod 



G^A will ^6 iiiiif^ttln ki iw apeffttlo«« ; ^ndi 
if it tirorkfii Krith n^tuHii mttns ik UbiAe cei&es, > 
md Ire $ftn be well ^inured ^f it, . I m^ 
rtiktiklt^ to B3,j, it 4&» Hcjt vtK^ irithbut' 
them Jii any; thos# only ex<!^ed) whlveiltl 
the established 09cottotii)r <if t^e irtKfld is/ift^ 
temipted by soitie imsiedidbe ftct <rf^ dfKiltf 
poWer> or a miraculous intei^dsitiAit^ BiA 
these are more properly the subjects oC d|i 
vinity, thaii of natural philosophy, yfUddH 
considers nature as it is, and in its regulaj^ 
course ; not as it may happeUf oil some eer* 
taiii occasions, and for sufficient reksons, ttf 
be thrown out of its course; 

To argue from the absolute JJrtie^cr of God^ 
«^clusiTe of hill wisdoMy and thai he id abk 
to ^ act by the umncfchanical forces of «/* 
tractiofij &c. would but ill befcome those^ 
i^hose proper husihess it' Is to shew how 
things are dont, not how they might be 
tlohe. Without doubt) it would havfe beea 
possible with Gitkl to hav« given man the 
isense of seeing^ on very different principles 
ftom those at present established. The 
pd^er of God wants not the mediation of 
light, to convey to us a perception of distant 
ot^jects ; but his taisdom hath been pleased to 
mnke use of this fljuid medium, as the natural 

instrument 
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instrument or physical cause o£ vision. The^ 
eye is a complete.piec^ of optical machineiy, 
perfectly analogous to a camera obscura. — 
Ipie ' chrystalline humour j lodged near the 
protuberant part of it> is a double convex 
km, or magnifying glass ; the pt^pi/ answers 
to the hole in the window-shutter ;. the Ifi^ 
is a moveable curtain, to enlarge or contract; 
the pupil so.as to admit a proper quantity o^ 
rays ; it answers the same end as the aper- 
ture in a common telescope ; and the retina^ 
which is an e^^pansion qf the optic nerve 
upon thp back part of the eye, is (he sheet^ 
upon which the images of the ol}jects ar^ 
properly coloured in miniature. What oc- 
casion for all this apparati^, when som^ 
T quality with an hard name might have a)i* 
swered the end as well ? 

Is not this alone sufficient to conyinpe U4» 
that the wisdopi of God hath ^ho^en to act 
with natural means ; that is, with the in- 
strumentality of a fluid medium, and mat- 
ter properly arranged to receive its impres* 
sions? If this is done in one part of the 
body, my reason will be suggesting to mle, 
it is done in all ; that as the optic nerves arp 
^cted upon by a material medium for the 
purposes of vision, so the lungs must plajg, 

, the 
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the heart beat, the blood circulate, and lifc^ 
sense; and motion, be kept up throughout 
the whole human frame, on the same plan of 
mechanism. 

And if the body of man, which many phi- 
losophers have considered as a lesser world, 
be pf a piece with the greater, as the same 
way of reasoning, if carried forward, will 
incline us to suppose ; the motion of that 
too is kept up by natural means. The same 
fluid medium that gives motion to the lungs, 
or sight to the eye, may conduct a planet in 
its orbit, and produce all the v^ious ap-. 
pearances that have fallen under the obser- 
vation of the most industrious naturalist 
As there are no vacuums, no attractions, no 
repulsions in the human frame, but all is 
carried on by the impression of material 
forces^ there is no reason to conclude that 
these imfl^in^ry •principles (for such I shall 
prove them to be) prevail in the planetary 
regions ; but rather, that all things are con- 
ducted by a like method even there also. 

The parallel now before us will serve to 
detect the weakness of that common argu- 
ment against a plenum, and a mechanical 
agency, which is drawn from the doctrine 
of redstance^ Some learned men are of opi- 
nion. 
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i^oni that if tl^e ^step of ike world mrene fi|}l 

qf matter, » pl^oet qiust very sooa lose it^ 

TPpotion. But tl^s argument will m9liU| pt 

very indifferent figure when applied to tlM? 

J||c^p^ hf>Ay- There, | think^ w^ h^tye a 

ffpffUMunMsputed; and the Wood, ppce in 

^nptioQ, i$ resisted by every artery . ii^ i^ 

j^y ; the sum total of which vm»t^,nc^k HB 

..Pii»4)i^b^ jifompfuted it, is 9^n^p^t inere- 

49iJt»k« He makfis it ^^^ ,to 180,000ll|. 

Yet Ah iw^oluntary, xiH^tion continue W^th- 

^t 4ny difninutio3i df: its velocity, till fjJMS 

jtoachine ^ quit^ worn out, or till Xkp pfci- 

.Tidance of God is pleased to put a stop tp i)t 

by some shorter method. 

^ Can any man think he iii^poses a^ unsur- 

.oi^oi^ntable difBcjulty upon God, because h^ 

can -prove, th^t the fluids of the humanity 

must meet with a resistance to their motion ? 

l^ust the frame of man be turned iobtp % 

vacuum upon this account ? The fact itsej^ 

is a sufficient answer to ail such pretence 

And if the bipod is not stopt in its circulation 

by the resistance of \k\t solids, why should 

the resistance of a fluid stop the circulatiQH 

of a planet? for doubtless^ if thediyjins 

wisdom 

♦ De Mot. AnimaU P. II. Prop. LXXIIL 



USsdonj bath^ conjtriyed a way to overcpme 
this rifsistance in one instance^ it may ia 
ajiQtb^r ; j^pc} the a^jgument for a vacuunij^ 
4edfic^ from the necesjsity^ for sucH a thiTijg,, 
>^il]the very weak and incoo^eq^ueatjaL But 
pf-tibi?! mor^ hereafter. 
^ Tq iadyce us wholly to give up the affaif 
pf mckani^m, the authoir^ of the paper? 
against Mr. Leibnitz has added the foUpw* 
ing x^pnsideratipn. " That thin^. (says he) 
/ * i:o^ld not be atjintprodt/iced by imchfinism^ 
*Ms ei>j)re38ly allowed : and when this is 
/* once admittedlj why after that so gre^j: 
/* -concern should be shewn to exdude Go^s 
^" actual government out of the world &c. 
/* I can no way <:onceive*." 

We have an ambiguity hejce in the terms, 
which ought to be removed. For if by pro- 
'^cedhe means created, no sober man^ I sup- 
pose, will dispute that point with him; it 
Jbein^ certain, that creation was no work of 
.fnachanism, but a pure act of the will and 
omnipotence of the Creator. If by produc- 
ftiou ht means XkaX formation, of terrestrial 
^ubAtances, plants, and aniinais, which was 
c^ubsequent to the act of cri^a^iw, it is cer- 
i^ip, that in that formation and disposition 
, of 

♦ Dc Mot. Animal, P. II. Pr<^- LXIII. p. S^b. 
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of God's works some nUtterial agents were 
employed, even the same that operate to this 
very day. The natural agency tiow iH dis- 
pute, was ^tjirst article God thought pro- 
per to settle in the disposition of the world : 
ikV, lighty and Xhtjirmament of heaven^ wcr^ 
first prepared and put into action : after that 
the formation of all other things followed 
in their proper place. 

If Dr. Clarke could have shewn, that trees 
and plants were made to grow before there 
yrBS Bjiy light or air to be instrumental in 
the process, he had done something to the 
purpose : but as far as we can learn, bis 
scheme of philosophy agrees no better with 
the origin of nature, to which he here ap- 
peals, than with the present frame and con- 
stitution of it 

As for excluding God's government out of 
the tvorldf if that was the design of Mr, 
Leibnitz, he must answer for it. But it can 
never follow, that if a second cause be inter- 
posed, the^r^^ cause is for that reason ex- 
cluded: no man would be so weak as to 
affirm that ; because every second cause, as 
such, must depend upon the frst. The 
author therefore has thought proper to call 
it an actual government ; which must mean 

either 
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either immediate or real. If he maintains, 
that the agency of the divine essence is fm- 
mediate in the production of natural Effects, 
A^^hich, in the judgment of some, is the grand 
nrcanum of the modern mathematical philo- 
sophy, it is incumbent upon him first to 
prove, that no second cause, created essence, 
or material agent, is fitted for the purpose ; 
which, instead of being proved, is hitherto 
taken for granted. If he means, that the , 
real government or providence of God is ex- 
cluded; neither will it foUou^, that his go- 
vernment is less realj because he rules the 
world by natural causes, under the direction 
of himself the supreme cause. If this be a 
necessary consequence, the scripture itself 
is chargeable, with it ; and where it instructs 
us, that the sun is made to 7^ule over the day^ 
it must insinuate, that the providence of 
God does not rule over the world. 

When we speak of mechanical causes as 
doing any thing in the world. Dr. Clarke 
will immediately take us up, and conclude 
they are to do it of themselves* ^ independent 
of the divine j5or£;er Sindzvisdom; which opi- 
nion Mr. Leibnitz, with whom he was dis- 
puting, had expressly disclaimed. For my 

VOL. yiii. b own 

• De Mot. Animal. P. H. Prop. LXXIII. 
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own j>art) I adhere only to the matter of 
fact; and that I know will bear me out 
l^^ainst all the metaphysical subtilties in the 
world. But if the reader should be distressed 
with any doubts in this matter, only let hint 
remember that matter acts upon matter, not 
by an essential but a mechanical power, i. e. 
by its motion : for, in the natural, as in the 
moral world, we hold that 4here is no power 
* iut of God. If this distinction be attended 
to, ^U that has been so industriously written 
in defence of immaterial impulses in a meta- 
physical way, by the author of the Enquiry 
into the nature of the human soul, falls to 
the ground without any particular confuta- 
tion. 



CHAP. IIL 



Jtn Answer to a physical Objection from Six 
Isaac Newton. 

T Meet with a third objection, which may 
4- be propei;ly termed a physical one, and 
deserves a particular consideration. '* I 
have explained (says Sir Isaac Newton in 

the 



tlie Scholiwiii g&nerale at the conclusion of his 
Principia) '^ the phsenomena of the heavens 
*' and sea by the force of gravity — which 
** acts, not proportionably to the mrfaces of 
'^ the particles it acts upon, as mechanical 
*^ causes use to do, but in proportion to the 
'^ quantity of solid matter. " The same thing 
is somewhat differently expressed by Dr. 
Clarke, in his notes on Rohault's physics. 
'^ There are innumerable phaenomena of 
** nature, and especially that principle of 
^^gravitation in all matter, which ciannot 
^* possibly arise from the impiUse of bodies ; ^ 
^ ^ for all impulse i-s in proportion to the 
** surfaces ; but gravity is always answerable 
*^ to the quantity of solid matter; therefore 
*' gravity must be attributed to some cause 
^^ which can penetrate the inmost substance 
'' of solid matter." P. I. c. 11, & 15. 

A person who is tolerably conversant with 
the writings of Sir Isaac, would naturally 
apprehend that this assertion of Dr. Clai^ke 
is not consistent with them. He has plainly 
declared, that '^ what he cklls attractiori 
^^ may possibly arise from impulse.'' Dr. 
Clarke on the other hand affirms, that the 
same attraction of gravity cannot arise frotn 
impulse, though Sir Isaac, whose philosophy 

D 2 ' he 
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he was defending, has granted the possibility 
of such a thing. There must either be a flat 
contradiction between them, or some dis- 
tinction is wanted with regard to the word 
impulse^ for the clearing up of this difficulty. 
The secret then lies here : the impulse which 
Dr. Clarke denies, is corporeal impulse, and 
should arise from the action of some impell- 
ing matter; whereas that which Sir Isaac 
Newton allows, is incorporeal, if his com- 
mentator. Dr. Clarke, whomust be supposed 
to have known his mind, has not misunder- 
stood him ; for thus he has expounded the 
passage— 3^eri sane potest iit ea efficiatur im- 
piilsu (non utiqiie corporeo^) ^^ It may be, 
>' that this (attraction) is the effect of im- 
'* pulse, but this impulse is not corporeal.'* 

The consequence which every intelligent 
reader will draw from this doctrine of inco?*- 
poteal impulses, gave Mr. Leibnitz and others 
occasion to charge the Nezvtonian hypothesis 
with the impiety of making (iod the soul of 
the world, as the heathens of old did. But 
Jhis matter is not now before me : our 
business at present is to consider the force 
of this objection so far only as it is physical. 
It is in fact no more than this — mechanical 

causea 

* U6l fupra. 
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causes use to act in proportion to the sur- 
faces ; but the cause of gravity acts in pro- 
portion to the quantity of solid mart-er; 
therefore that cause cannot be jnechanical, 

Thus much is certain, that every mechani- 
cal cause, which* is not subtile enough to 
penetrate the contexture of a solid body, 
will be stopt at the surface ; and the artiQn 
or force of such a cause will be proportion- 
able to the surface. If there^were in nature 
no other mechanical causes but such as act 
upon the surface, and it could be fairly 
made out, this objection would be unanswer- 
able. It ought to have been proved, that 
there really are no other; at least it should 
have been attempted : yet, as far as I can 
find, it hath not ; and I think it never wiU 
be, for the two following reasons.. 

First, because there m^y be in some cases, 
an impelling it^atter» whiph is too subtile fox. 
the observation of our bodily senses : and tQ 
couftclude that there can be no material, 
agency, where it does not discover itself to 
the organs of the body, is rather too hasty, 
If the parts of n\ati's body were of the sub- 
stance of iron^ and put together in the same 
manner, he would probably feel the cause of 
magnetism^ as plainly £^8. he now perceives 

D 3 the 
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the heat of the sun's rays, or the blowing ofe 
the wind against his face : but then it would 
be of small use to lose the motion of the/ 
joints, and receive a polar direction in the 
body, merely for the satisfaction of feeling 
that the cau^e of magnetism is material and 
mechanical ; which perhaps may be disco-- 
yered, to as much satisfaftion, by a more- 
advantageous method. 

My second reason for believing that we 
are to expect no proof of this negative, cornea 
a little closer to the point; and it is this, 
that the opposite affirmative is evident from- 
a great variety of experiments ; there being 
in nature sucfi mechanical causes as are able 
to penetrate the solid bulk of bodies, and: 
whose aftion extends to every single particle 
of which they are composed. The rays of. 
Ught Qzxi pass as easily through the soHdl 
subs tail ce of glass, if not more so, than 
through the open air : and it is plain, their 
effect on bodies is not regulated by the ex^ 
ierior surfaces, because an hollow bubble oft 
glass hath the same exterior surface, whether 
it be empty, or filled with water; yet tha 
light is- well known to take a different course 
through it in these two cases. If a leaf oft 
gold be held up between the eye and the 
^ . sun*s 
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itufi's ray3, they are notstopt by the surface 
of it^ as a blast of air would be, but pass itt^ 
substance \vith great ease, and appear as afe^ 
beautiful green colour on the backside of 
the leaf The electrical fire, when put ii| 
motion, will pass off in a stream through thd 
densest bodies, and can penetrate the inmosi 
substance of their solid matter : the influence, 
therefore, of such a material cause, will 
neither be confined to the surfaces, nor be 
proportionable to them: and I am willing' 
to think, that if Sir Isaac had lived to se^ 
some woiiderful effects of this fluid, disco- 
vered for the most part since his death, he^ 
would have enlarged bis notions very much 
with regard to the natural power an4 extcjnf 
qf mechanism. 

Jhere is hardly a motioi^ in nature whicl\ 
this i^uid, when applied by a diligent cxpe- 
rimentalist, is not capable of producing. It 
will give a rectilinear motion in all direct, 
t^ons ; will produce the motions pf rotatum 
and rei^alutiony as a common fire will also do. 
It will keep a body suspended at a certaiii^ 
dri^ance iri the air without any visible cause, 
and ma/ke it tuTO swiftly on it^ axis. * It wil^ 
accelerate vegetation, increase the motion 
0f the blood in the arteries, raise* water intoi 
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tides; ai^d, in a word, will shew itself, a*af 
Tiaturfll instrument^ to be little less than all-, 
sufficient. Again, cpnimon fire, is a fluid, 
whose impulse reaches to ^he solid parts of 
^odies. A solid ball of iron will conceive ^ 
greater quantity of fire, and be longer \\\ 
parting with it, than an hollow shell of tlrei 
same diameter. Water is enlara:ed in itsdi- 
mensions by the entrance of fire into ^t ; hot, 
water being specifically lighter than fj0^.i 
and it is enlarged so equally throughout (he. 
whole substance of the fluid, that it is cer- 
tain* th« fire must agitate every one of it^ 
solid particles, and, by pressing against 
them in all directions, i^emove them farthei;' 
asunder. - 

From these and many other ^xperimen^ts^j 
open to common observation, it must appear 
to every unprejudiced philosopher, tha£ t^a- 
ture is furnished with a mechanical cause;, 
whose activity is not confined to the sur^ 
faces of bodies, but extends to their consti- 
tuent parts, that is^ to their quantity qfsqlidi 
matter. 

The sagacity of Sir Isagic l^fewton could 
not well overlook this ; and he seems to have 
apprehended such a thing, having affirmed; 
no more than that mechanical causes itse, 

,...' to 
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to act in proportion to the surfaces ; but 
unless they always do so by a necessary 
and invariable rule, the inference, that gra- 
vity cannot be the effect of such a cause, is 
of no force at all. And there is good en- 
couragement to think, that gravity not only 
may be the effect of a material cause, but 
that it really is so ; and that this cause might 
possibly be pointed out, and proved by expe- 
riment. But I must remember that I am 
not now accounting for the difficulties in 
natural philosophy, but only removing those 
objections which lie in the wky to z, physical 
solution of them. 

There is a physico-mathcmatical argument 
of some weight, which ought to be consider- 
ed befcoje I conclude this chapter. It hath 
been objected, that gravity cannot be owing 
to zny mechanical cause, from the manner 
in which such causes are observed to produce 
their effect. 

Thus, for example, when a ship is put in 
motion before the wind, the velocity of the 
wind, with respect to the ship, will be less 
. vhen the ship has acquired some motion^ than 
when it was at rest ; therefore the accelera- 
tions in equal moments of time will be un- 
equal. After the first impulse, the acquired 

Velocity 
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velocity of the body will be subducting tnorA 
and more from the relative velocity of the 
fluid; on which account, the accelerations 
in equal times will be less and less, till the 
resistance the body meets with in its motion 
becomes a balance to the force that moves 
it ; at which point the accelerations wholly 
cease, and the ship thenceforward goes oii 
with an equal pace. 

This, it must be confessed, iis very different 
from the manner in which the cause of gra* 
vity produces its effect : for this cause, what- 
ever it may be, acts incessantly or continually, 
and with the same force, upon a body that is 
already in motion, as upon a body that is at 
rest; which appears from hence, that it pro^ 
duces equal accelerations in falling bodies in 
equal times *. 

This property of gravity is manifest fron^ 
some abstmcted mathematical reasonings 
which Galilaeo confirmed by experiment. . If 
a body should continue to fall during the 
second moment of time, with the velocity it 
had acquired at the end of the first moment, 
it ought ito fall twice as far in the second 
moment as it did iii the first. But it h ob- 
served to fall thrice as fer ; therefore it has 

' V derircd^ 

* Maclaurtn's PhiL Discov, p. 241. 
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derived from its cause in this second moment 
another third quantity of motion, equal to 
what it derived from it in the first. And this 
law it will continue to observe in allthesuc-> 
ceeding moments, so far as human observa- 
^n is able to follow it. 

According to the received principles, this 
argument, a3 here stated, bears very hard 
upon the mechanism of gravity. What I 
jiave to offer against it is this — that the ac- 
celerations of a body, moved by wind or 
water, are continually decreasing only upon 
this account — because the velocity of the 
body, after the first impulse, approaches 
$ensihl2f nearer to the velocity of the fluid. 
If tlie velocity qf the fluid should be s6 great 
:fhat the velocity of the body shall bear no 
sensible proportion to it, the objection will 
vanish. And this observation, I humbly 
apprehend, is applicable to the cause of gra- 
vity. For if that eff^ect is owing to any phy- 
Jical cause, it will, in all probability, prove 
' to be the same with that which produces such 
wonderful effects in electricity ; the velocity 
of which is not to be measured in any trials 
we are able to make upon it, and, for ought 
we know, may be as great as that of the light 
in its progress from the sun and planets : so 

' that 
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that the velocity of a falling body, as far a ' 
experiments have gone, Aviil bear no sensible 
proportion to it. Therefore the effect ought 
to be such as it is found to be. 

Mr Maclaurin, from whom I have bor- 
rowed this objection, mentions it in very 
fcAV words, and lays no great stress upon it. 
He thought it improper to determine any 
thing from hence concerning the cause ef 
gravity*. And he seems to have judged 
rightly : for Avhoever shall hence determine, 
that its cause is not mechanical, will under- 
take the proof of a very extraordinary ne- 
gative; such as must imply, that he is a 
complete master of all natural science, ac- 
quainted with the utmost extent and power 
of those mechanical causes, which were con- 
trived and established by a wisdom that com- 
prehendeth all things. 

* Maclaurin' s Phil. Difcov. p. 24 1.., 
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An Examination of the Argument for a 
Vacuum, deduced from resistance and the 
vis inertitE 0/ bodies. 

TXrE are now arrived at that part of the 
^ ^ subject, where all the admirers ofde- 
?nonstration will expect to see me drop ; that 
is, to the doctrine of a vacuum, and the 
theory of resistances, upon which it is found- 
ed. The learned gentlemen, who object to 
the sort of philosophy I am now recommend- 
ing, know very well, without being reminded 
of it, that if they have proceeded without 
evidence in this matter, their whole fabric 
falls to the ground without farther trouble : 
and if I cannot shew that they have, I am 
willing to own that all I have yet said, or 
shall hereafter say, must, in their opinion, go 
for nothing. 

Allowing then that there is a vacuum or 
void space in the world, their argument is 
very short, and will stand thus : — Bodies are 
observed to have motion in such a space ; 
but that motion cannot be the effect of any 

material 
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material cause, no such cause being present 
. to them. 

Should we suppose this to be true, what a 
confused and heterogeneous mixture of so- 
lutions will it necessarily introduce into all 
our physical discourses ? That God does in 
many cases govern the worM by material 
aijents, and conserve the motion of bodies 
by the activity of secondary causes, is be- 
yond dispute, The support of animal life 
by breathy the motion of a ship before the 
windy of the sap in vegetables at the ap- 
proach of the sun's light, of the mercury in 
a barometer by the pressure of the air^ of the 
fluid in a thermometer by the expanding 
power oifirey of bodies impelled and driven 
off again by the flux and reflux of electrical 
cethery with innumerable other phenomena 
of nature, all conspire to establish this plain 
truth. And if it be an axiom in physics, 
that more causes are not employed where 
fewer will suffice, how comes it to pass, that 
/those agents which confessedly minister to 
so many and great effects, are not suflScient 
for the producing of all? Shall we allow, 
that God governs the world by a subordinate 
agency and mechanism in some cases, where 
that agenev appears to us ; and deny it in 

others^ 
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others, merely because we have lost sight of 
it, or because it would make against us ? 
A philosophy that labours under this dif- 
ficulty, and is one while working with a* 
material cause, and in the next breath with 
an immaterial one, be it ever so ingenioufly 
put together, will after all be liable to this 
grand exception, that at best it is inconsistent^ 
9-nd unworthy of God. Every body must 
see and know, that there are material causes 
acting in the world ; and he that denies it, 
must deny his senses. If these causes are 
not sufficient to perform all the stated ope- 
rations of nature^ then the Creator hath 
inade use of such means as are not propor- 
tionable to the end. If the Creator him- 
self performs them by the immediate agency 
of his own substance, then is there no need 
of any other causes ; they are all superfluous^ 
But that there are other causes is abundantly 
evident ; therefore they must be capable of 
answering their end, and every material ef- 
fect will be immediately owing to a material 
cause. Wh^t I here say is grounded on this 
reasonable po^tulatum, if it may not rather 
be c^Ued aq. Hfmoniy that the wisdom of God 
is consistent with itself in its operations, and 
that be wants neither power nor skill to 

avoid 



48 On the Mechanism 

avoid the error of inconsistency : grant but 
this, and the argument amounts td a difhori-^ 
stration. I must confess, it appears to irie 
to be so unanswerable, that if I could no£ 
take off the pretended evidence for a vacUum, 
I should nevertheless be satisfied that it wa^ 
a sophism, and impute its whole force to a 
want of skill in myself to lay openand detect 
the fallacy of it. And now let us proceed 
to give it a particular consideration. 

I have a manuscript-paper by me from a 
learned and ingenious gentleman of Cam- 
bridge, wherein the argument for a vacuum 
is stated very closely ; and he will not be 
offended with me, if I take the liberty of 
setting it down in his own . words ; for I 
know how to honour a man of parts and di- 
ligence, though we may happen to differ in 
some of our sentiments. 

^' You will hardly (says he) deny the ms 
^^ i//e;Y/^ of matter, which Sir Isaac Newton, 
*^ and every author, but thie mdfertalisis 
'* think demonstrably essential thereto, and 
'^ proportionable to it^ quantity ; and there- 
^' fore, that it must hold equally in theniost 
*^ subtile (ether, as in the grossest matter. 
'' Hence it follows, from the different degrees 
'' of resistance to bodies moving in different 

' ' mediums, 
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** mediums, that equal portions of different 
^ mediums contain different degrees of vh 
** inertue, and consequently different qutm- 
^* titles of matter. But how can different 
** quantities of matter be contained in equal 
^* bulks, without supposing 'oacuities, at least 
*^ in one of them? ^o subtile atker^ pep- 
** vading the ppres of the grosser medium, 
** will solve the difficulty ; because such an 
** aether must itself be more porous than the 
*^ grosser medium, else through its ms in- 
** etti/e it would cause an equal degree qfre- 
** sistance, contrary to fact and experience. 
' ' Now what can this porosity of the aether be, 
** but interstitial vacuities ? Must we invent 
** another aether to pervade tlie pores of thq 
'* fwrner, then another, and so on, till all 
*' the ppres be filled ? But this only drives 
'* us again upon the difficulty we have been 
^' endeavouring to shiin ; namely, that all 
^' bodies are equally dense j and ought equally 
** to resist the motion of other bodies through 
** them. This, allowing the i^is inertice oi 
** matter to be essentially proportionable to 
'^ its quantity, is a,Jirict demonstration of an 
^^interstitial vacuum: and therefore diffi- 
** culties8j;arted against it, ^ough we could 
** not «olve them, ought not to move us^" 
vajL* VIII. E We 
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We are now possessed of the objection in its 
full force. All matter, from its vis inertuSy 
or a natural indisposition to change its place, 
must give a resistance to motion in propor- 
tion to its quantity : and as we find a different 
degree of resistance to bodies moving in 
different mediums, there must be different 
quantities of matter in equal spaces ; . and 
consequently there is just so much nunre of 
vacuum, or absence of matter, in one of the 
spaces, as there is less of resistance : where 
there is no resistancej there will be no matter: 
so that we must either correct the modem 
doctrine of the vis inerticRy or allow this to be, 
what Sir Isaac himself hath called it — ^demon^ 
Jiratio vacui. As the vis inertia is a principle 
of so much consequence, I am obliged to 
enter upon an experimental enquiry into the 
nature of it ; in the progress of which, I 
think it will appear that such an enquiry 
was never made by Sir Isaac himself, nor by 
this ingenious gentleman ; who will find he 
has taken up with a principle, which he 
never gave himself the trouble to examine. 
For, after all that can be said, experiment 
must be the test ; and to that I shall appeal 
for the truth pf what I am going ,to offer. 

We find then, that if a body be at rest, a 

certain 
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tertam force is required to Remove it out of 
its place ; and this force is supposed to be 
necessary only on account of a vis inerticc 
in the body : for which reason, the force re- 
quired must increase, as the quantity of mat- 
ter increases in the body to be removed. All 
this will be true, if the vis inertiee is true: 
but it is contrary to fact. Let us suppose 
this body to be of a pound weight, and sus- 
pended by a line, so that on occasion it may 
vibratfe as a pendulum. If you would move 
this body in a direction upward, the force 
required must be superior to a pound; if 
sideway, in the segment of a circle, of which 
the point of suspension is the ccAter, a much 
less force will do the business ; and this force 
being the true index of the vis inertice, if 
that be found to alter, though the quantity 
of matter be {lill the same^ it proves that the 
vis inertia is a changeable thing, depending 
on some certain circumstances, which must 
be taken into the account. And it will ap- 
pear, that if you can calculate the force 
which the action of gravity will have upon 
the body, when elevated to any angle, you 
will then know whsit force is requisite to 
overcome its vis inertice or indisposition to 
motion. 

Eg If 
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If the same body be taken in the hind 
Asid left at re^ in the air, no force at ail is 
required to put it in motion downward : fivr 
the cause of gravity immediately sets it a 
going in its proper direction. So that, aete- 
fii paribus, the ms inertice in all bodies, being 
more or less, just as you concur with or con- 
tradict the action of gravity upon them, 
seems in fact to be no other than a conse- 
quence of their gravity. 

When we attempt to give a motion to a 
body different fiom that of gravity, we find 
it already pre-engaged by a determination 
towards the earth's center : and this natural 
force is making its effort every moment 
against any foreign force that can be applied 
to it ; to which it is owing, that projectiles, 
instead of proceeding in a straight line, de- 
scribe a parabolic curve. If gravity and the 
vis inertice were things essentially different, 
and independent of one another, each of them 
must occasion a resistance proportionable to 
the quantity of matter ; and the whole resist- 
ance, as discoverable by experiment, w^ould 
be the sum of two different resistances, the 
one proceeding from the cause of gra\nty, 
the other from the vis inertice. But J am 
fully persuaded, that in all entire or detached 

bodies, 



Of N&tHte. ■' 6$ 

bodies, we shall distoyet np resistadce t9 % 
change of .place, but ju»t so much »3 ought 
to proceed from the actiont of gravity upon 
t;heito, and no more. 

^ Iftbis.be true, if the vis inert ie^ be only 
the consequence of another principle, two 
corollaries wUl arise, sufficient to dispatch all 
the argumentative part of the above demon* 
stration. For then it will follow, that if we 
can alter the ft^^e of a body \u respect pf it^ 
gravity^ ot its natural tendency icmmioa^d^ 
we shftU^ at the aame time, altet ite j^tate in 
i^espeet to its m iriertim^ or nsttural indispQ^* 
sition to move when left at rest : the truth of 
which will appear from an easy experiments 
. Take a l^ht glass bubble, apd load it in- 
wardly with nrercury, or any other hcQvy 
substance> till it is precisely of the same 
specific gravity with water. This done, We 
will supi^tose it to weigh two ounces. Let it 
now be suspended by an hair to the arm of % 
balance, and laid at rest upon a table : if 
you would raise it from, thence, and give it 
^ motion upward, you must charge the other 
^nd with a weight some small matter above 
two o^n)Ce$ ; which may stand for the fotce 
requisite to overcome its xU iriertiie. J^t 

E 3 the 
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the body then be placed near the bottom of 
a vessel filled with water ; in which positioii 
it will remain at rest: but if you would noif 
give it motion in the same direction as before, 
it may be done with a single grain, that is, 
with only one thousandth part of the force 
required in the former case. The reason of 
this seeming paradox is this; the motion 
given does really coincide with that of gm- 
vity, though in appearance it contradicts it 
For the body being of equal weight with 
an equal bulk 6f water, when the body has 
moved out of the space it occupied at refet, 
an equal bulk of water, through the action 
of gravity upon it, has descended into that 
space; and if we put 1000 for the force 
necessary to raise the body, and 1000 for 
the force of the subsiding water, the dif- 
ference between these two leaves a re- 
mainder for the vis inertice = 0. Some quan- 
tity, however indefinitely small, must be 
allowed to produce an inequality between the 
body and the water ; for where all things arc 
equal, no motion can ensue. But how much 
the vis inertioe has to do in this experiment, 
I leave to be determined by better judges, . 
when they have considered it It may like» 

wis^ 
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wise be added, that after the bubble has beeu 
moved by a force ^qual only to a single grain 
through a space of water equal to itself, twice 
as much matter has been put in motion there- 
by, as would have been moved in a vacuum 
by a force somewhat superior to two ounces^ 
because the bubble has displaced a quantity 
of water equal in weight to itself; and water 
resists a moving body nearly a thousand times 
more than air. But how can all this be pos- 
sible, if an indisposition to motion be essen- 
tially proportionable to the quantity of matter? 
^ My second corollary applies itself directly 
to the demonstration. As the vis inertice is 
a necessary consequence of gravity, if there 
be any fluid, be it what it will, which acts 
as the cause of gravity, that fluid must itself 
be void of gravity, considered as an effect ^ and 
consequently of that resistance which has 
been ascribed to the vis inertias. To say, 
then, that the vis inertice must hold equally in 
the most subtile (Ether as in the grossest matter^ 
an4that, from the difierent degrees of weight 
or resistance, different quantities of matter art 
contained in equal spaces, is to beg the que- 
stion, that gravity has no material cause. But 
it would be unfair to demonstrate that it 
has none, merely by attributing to it such a 
E 4 property, 
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property, as from its nature and office it can- 
not possibly have. 

It is incumbent, therefore, on all those who 
would build a philosophy on the vis inertice^ 
&st to shew us what it is, and to prove by 
some experiment, that there really is such an 
original principle in matter, to be discovered 
apart J and independent of every other princi-* 
pie at present ^tablished in nature, before 
they can raise from it one single conjecture, 
much less a demonstration. I say^ of every, 
other principle ; for a resistance to motion 
may be occasioned by more principles than 
one. A mass of iron or stone, first examin-; 
ed with respect to the principle of gramtt/y 
then to that of cohesion, or the application of 
its constituent parts to one another^ will; 
teach us, that the whole quantity may be put 
in motion with respect to the earth's center, 
much more easily than half the quantity can 
be moved with respect to the other half: so 
that if the force with which some solid bodies 
cohere, were to take place in matter, as uni- 
versally as gravity now does; we might 
compute the vis inertice to be ten thousand 
times as great as it is, because we tsliould 
oppose the cohesion of bodies, where we now 
oppose their gravity. 

Wen 
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Were all matter at rest, and the action of 
tlie elements made to cease, so that not a 
single particle of matter should have any de- 
termination to one sort of motion, rather thau 
to another, that would be the time to make 
an experiment on the vis inertice. But this 
principle, so far as it is subjected to exami- 
nation under the present economy of the 
world, is a thing unfixed and consequential, 
not uniform and independent, as the mathe- 
Hiaticians have supposed ; whose greatest 
misfortune it hath been, not to consider 
tilings as they are^ but to feign an arbitrary 
and abstracted state of matter, and thence 
to argue upon it in its dependent state; when 
they are really more different, than the ore 
of a metal deposited in the earth, from the 
same metal formed into the wheds of a 
clock. And what is much more offensive, 
the same philosophy which has given to mat- 
ter an indifference to motion by the vis 
inertice, has also given it an inclination to 
motion by the virtue of attraction ; both of 
them inherent (as shall be hereafter shewn) 
in the same particles. The former of these 
does indeed seem opposite to materialism; 
but itlie latter has so strong a relish of it, 
that a friend to the principles of Spinoza 
2 hath 
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hath blended them both together *. And 
even Dr. Derham, an undisguised and well- 
designing author, has granted as much as 
Epicurus himself would have required of 
him. It was his opinion, that, m the Jirst 
production of matter ^ the great Author of all 
things INSPIRITED the materials of 
tohich the world consists^ with such an active 
quality, ^r^ serves to preserve the globes entire^ 
and enables them to revolve about their 
centres -f. If this passage does not allow to 
matter a power of directing itself, and con- 
serving its own motions, I know not what to 
make of it. But it is no concern of mine, 
so I return to the argument ; leaving it to 
those who pretend to have renounced ma- 
terialismy to reconcile their own conjunct 
doctrines of inert matter^ and inspirited 
materials ! 

* See the Fhyfical paragraphs in a piece intitled an 
EJfaj 9H Spirit. 

f Aftro-theoL p. 148. 



CHAP. 



Of Nature. 59 



CHAR V. 

The argument from resistance proved to be 
an absurdity ; as it implies^ that the cause 
of motion must resist the motion which it 
causes. A plain experiment to illustrate 
and confirm the author's reasoning. 

THUS much, I think, may suffice to shew, 
that the celebrated demonstration of a 
vacuum has set out wrong. It will be as easy 
to prov«, even waving all that has been said 
on the vis inertice, that it has concluded 
wrong; if the relation between a moving 
body and a resisting medium be rightly un- 
derfiood. 

When a pendulum is made to swing in 
air, water, or mercury, the resistance it 
meets with is greater, as the medium is 
denser ; and as a plenum of aether, such as 
the mechanical philosophy requires, would 
be more dense than any other fluid, its re- 
sistance, they say, must be greater : no mo- 
tion *could possibly continue in it. But 
then as motioil is observed to continue in 
the heavens, without any sensible diminution, 

there 
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there can be no resistance in the heavenly 
spacer, and consequently no matter of suf- 
ficient density to occasion it. 

Tliis was Sir Isaac Newton's way of com- 
pnting resistances, and the use he made of 
them when computed. That we may see 
whether this doctrine agrees with experience, 
let us suppose a ship, with its sails spread, to 
be in motion before the wind : every body 
must allow me, that if the wind were to 
keep' its direction, and the ship to havd? 
an open sea, it would go quite round the 
globe ; and for the same reason that it makes 
one revolution, it would make another, and 
so on ad infinitum. Are we to say, that the 
air, in which it moves, is an unresisting 
medium ? We ought to say this, if the de- 
monstration above mentioned really is what 
it pretends to be. But the truth is, a me- 
dium may, in its nature^ be a resisting one,- 
and yet in fact give no such resistance as 
shall be any impediment to a body moving 
in it. For let any person tell me, how much 
resistance the ship receives from the air in 
this case? The answer must be — less than 
none : the resistance here is a negative quan- 
tity ; and the ship is so far from losing it^ 
motion, that it is continually receiving it, 

as 
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as it passes through the air ; yet it would be 
false to affirm of air in general, that it is not 
a resisting medium. As to the water the 
ship sails upon, this being not the cause of 
its motion, will serve to retard it; but as 
the continued impulse of the air behind is 
superior to the sum of all the following re- 
sistances, 1st, of the flir Ae/bre, 2dly, of the 
water the ship sails upon, and 3dly, of the 
cause of gravity which is continually acting 
upon it ; the motion will continue notwith- 
standing these impediments. 

Were it to be laid down as a genera! rule 
from this particular instance, that wat€r 
resists motion, but air does not; neither 
will this coincide with experience. A cork, 
•or any other light body, thrown upon the 
stream of a sluice or floodgate, will be car- 
ried off with it ; and as it is common for a 
considerable part of the water to return 
again upon the stream iij. a curve, if it be 
obstructed by the banks, and have but a 
narrow outlet, the cork may come about 
with it, and complete its revolutions, so 
long as the cause continues to act upon it. 
• The water gives no more resistance in this 
case, thkfli the air did in the other : and thus 
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it will happen universally, that every fluic^ 
where it is the cause of motionj will not be 
found in that case to give any resistance, be 
its quantity of matter great or small. 

We are now prepared to return to the pen- 
dulum. If it vibrates in air, the air will 
retard its motion ; and there is a good rea^ 
son why it should do so, for air is not the 
cause of its motion. If in water^ neither is 
that the cause of its motion ; and it will give 
a greater resistance to it in proportion to its 
quantity of matter, that is, in proportion to 
the action of gravity upon it. If in guick- 
silvery it will meet with a still greater resist- 
ance, for the same reasons. But if there be 
any elementary aether, acting as the natural 
cause of gravity in bodies ; it is just as ab- 
surd, to search for the resistance of such a 
Jluidy I^YOvci thQ xnotxon of di falling , body ; as 
for that of the air^ from the motion of a 
ship that sails by it ; or for that of water, 
from the motion of bodies carried down by 
a current of it. If one philosopher may con- 
clude, that gravity cannot be owing to any 
material fluid, because he has found that 
this fluid does not resist a gravitating body; 
may not another demonstrate, with equal 

truthj 
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f;ruth, that a ship cannot sail by the a,ction 
of the air upon it, because he finds, from 
the nicest observations, that the air does not 
deprive it of its motion ? 

Lest the reader should have suspected me 
of a design to prejudice him beforehand, and 
to inject scruples through a want of better 
arguments ; I did not observe, at the begin- 
ing of this disquisition, that Sir Isaac had 
draMrn two opposite conclusions from a capital 
experiment relating to the affair now before 
us, but it will be proper just to mention it 
in this place. Having caused an empty 
wooden box to vibrate as a pendulum, he 
loaded the same box with 77 times its 
own weight of metal; and in this latter 
case found the motion to be retarded 
more than it ought to have been by the 
theory. In two different editions of his Phi- 
losophy, he imputes this to two different 
causes, without the least hint or apology to 
his readers for such an important change in 
his opinion. In that of 1687 he accounts 
for this, from an increase in the remtance of 
the airy occasioned by a swifter motion in 
the heavier pendulum : and has demon- 
strated elsewhere, that the resistance of a 
fluid to a body moving in it, must increase 

in 
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in a duplicate ratio* of the body> velocity i 
but this comideration hath no -place here* 
In that of 1736, he imputes this same effect^ 
without any repetition of the experiment, to 
the resistance of a subtile mediutmgdiin^t the 
solid parts of the inclosed metal ; and men- 
tions not a word about the resistance of the 
air. But herein, it seems, he corrected his 
philosophy not for the better, it being ab* 
surd, that the resistance of a subtile cether 
should be discovered in such a case as this. 
This great man seems to have laid it down 
as the foundation of these conjectures, (for 
I hope they are not both demonstrations^) 
that an experiment, which requires ma- 
chinery, can be performed absolutely with- 
out friction ; the contrary to which is well 
known to every mechanic. It is reasonable 
to think, therefore, that the friction be- 
tween the hook and ring, on which his pen- 
dulum swung, must have been somewhat 

increased 

• The refiftance a body meets with from a medium, is 
as the velocity of the body, and the fpace of the medium 
paffed through by it, multiplied into .each other. But that * 
fpace will always be as the velocity ; therefore the re- 
fiftance is, as the velocity multiplied into itfelf, that is, as 
Xhi^/^uare of the velocity. 
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increased, \rhen the ball was loaded with a 
weight 77 times greater ; and the difFcrencu 
he found, was no greater than might arise 
from such an impediment, though the in- 
strument were ever so perfect. It is hard to 
§ay, how a man of genius, as he certainly 
was, could throw a plain experiment into 
two such different shapes, neither of which 
are agreeable to reason. Perhaps bethought 
it would suit better with the principles he 
was endeavouring to establish, not altogether 
to deny the existence of a subtile sether, as 
he did at first, for that would have been too . 
much ; but rather to ensure his philosophy, 
and keep this aether from breaking in upou 
Jiis system, by imputing to it a degree of 
resistance, Whether the learned will conr» 
aider of these things, I cannot pretend to 
judge ; in time perhaps they may : but, for 
a jwhile, I presume, he that ventures to in- 
terpose, must be content to let the reproach 
fall upon himself There was a time when 
men had given up their understandings to 
the logic of the schools* apd the quirks of 
VOL. VIII. V Aristotle J 

^ I will give a fpecimen of their manner^ pertinent to the 
"(ubied we a;-e upon, |t is a logic({l demonfiraUon of a 
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Aristotle; and woe was to the man who 
dared to publish a suspicion against them. 

That 

'vacuttm, cxtrad^ed from Li^. 4. c. 6. of ArifiotU*% Phyficd. 
Ou yoL2 av ^oyLOiy\ eivai xivr^s'i^f ei jxij ^ xfivov to yaq rnXv^^es 
ahvarov Bivai ^g^acrOar si Ss h^xircy'- ycou sarri hiw bv tp 
avtWf Sec. If there he no. vacuum, there can he no loc<)- 
inotion. For a /pace already full cannot recehve any thinf 
into it; if it did, there *would be tnvo bodies in the fame 
flace ; ivhich is an ahfurdity. Some of his Commentators 
pat it thus — Probatur afTumptio : quia corpus quod locum 
mutat, vel inani fpatio excipitur, vel pleno ; fi inani, habetur 
propoiitum; ii pleno, fequitur duo corpora fefe permeaue 

^** The ajfumftion is thus profved : hecaufe a body tbat^ 

chanties its place, is recei*ved either into a f pace full of matter ^ 
er into one that is empty : if into an empty fpace, the point is 
frothed; if into a full f pace, then it folloivs that tnjuo bodies 
mufi penetrate one another* s dimenjions.** And jiriftotle 
tells us of one Melijfusy an ancient fophill, who being re- 
duced to the lad; exti;emity by the force of this miferable ar- 
gument, and determined not to admit a 'vacuum^ denied the 
reality of motion, and held the univcrfe to be immoveable. 
Had this philofopher trufted to experiments inftcad of logic, 
he might have fijenced his adverfariej vtrithvery little trouble. 
For if a bullet be put into a bottle quite fuU of water, and 
clofe ftopt ck)wn, we have a fpaqe filled with an incpmpreJfibU 
fluidy which conftitutes as good a plenum as need te defired ; 
yet, upon inverting the bottle, we find the bullet can move 
from the top to the bottoni, or from one fide to the other, as 
freely as if the bottle were empty. Does it move into an 
empty fpace, or into a full one ? why, truly, into neirfler ; 
for the bullet and the fluid change places with one anotljc^ 
fo that the motion is not hindered, though the fpace is j?Ii 
ways full of matter. 
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Tliat fashion is now exploded, and we are all 
enslaved to the pretences of a rnathematic 
certainty. But if the doctrine of a vacuum 
is really weak and without foundation, this 
fashion will have its period like the former, 
and we shall be restored again to the enjoy- 
inept of our philosophical rights and liberties. 
It appears, then,' that the vis biertlce of 
matter, under the present constitution of 
natural things, is no fit principle for a phi- 
losopher to begin with ; and that even sup- 
posing such a principle, I say supposing such 
a principle, yet to argue from that to phy- 
sical causes is an absurdity : for when any 
fluid matter becomes a cause of motion , the 
case is quite altered ; and its resistance, be 
jt ever so great in other cases, will be of no 
account in this. The gentlemen who have 
reasoned from this principle, have nevef 
once attempted to inquire what will be the 
gase, where matter gives motion to other mat- 
ter; but, taking it for granted that the great 
author of nature has created a set of ele- 
ments, for no single purpose, but to obstruct 
bodies in motion, have drawn themselves 
into the palpable absurdity of proving, by ^ 
mathematical demonstration, that a matter 
9.f fact is an impossibility. Ofwhichj if any 
F % (loub\ 
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doubt should yet remain, I will subjoin the 
following experiment, with a few short re- 
flections upon it. 

At the extremities of a steel rod of two 
feet in length, let two lamps of thin glass of 
a spherical figure (or any other that thp 
operator chooses) be suspended as in tlie 
figure, (see plate 1. fig. i). Over these 
lamps let there be two vanes of plate-brass 
placed with contrary aspects, and inclined 
to about half a right angle. The rod thus 
furnished is to be poised by means of a cap 
fixed to the middle of it, on the point of a 
needle, supported by a foot and pillar. As 
soon as the lamps are lighted, the machine 
will begin to turn upon its centre, making 
several revolutions in a minute, and will 
continue thus to move so long as the lights 
continue burning: and supposing the lights 
to have a perpetual supply, the consequence 
of that would be a perpetual motion in the 
machine. 

We will imagine a mathematical philoso- 
pher to be contemplating this sight at a 
distance. If his eye is in the plane of the 
motion, the lights will appear to move back- 
ward and forward in a straight line: but- 
as their velocity will be apparently un^ 
efj^ual in different parts of the line, he wii 

conclud ^— 
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conclude they move in a curve; andhy con- 
Mdering attentively in what proportion the 
apparent motion is accelerated and retarded, 
he will discover that curve to be a perfect 
circle. Thus far he argues as an astronomer 
and geometrician : therefore his conclusion 
will be undeniable; and I mention this to 
shew the distinction between astronomy and 
physics. But, in the next place, he proceeds 
to investigate the causes of this motion : and 
having found, as he imagines, that all mat- 
ter must resist motion in proportion to its 
quantity ; if the lights circulate in a resist- 
ing jnedium^ the velocity he concludes must 
be diminished, and by degrees be utterly 
lost. But having observed for several days, 
and he might do it for as many hundred 
years, that they continue to move with the 
same velocity, and complete their periods 
exactly in the same time, as when he first 
began to make his observations; he con- 
cludes, they must move in an unresisting 
space "^.^ and having dispatched all material 
F 3 impulses 

* ^' Againft filling the heavens with fluid mediums, un- 
** lefs they be exceeding rare, a great objeftion arifes from 
** the regular and very lading motions of the planets and 
** comets — thence it is manifeft, that the heavens are vold- 
** of all fenfible refiftance, and by confeqaence of all fi^nfi* 
*' ble matter/* O//, Q^28. 
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impulses out of the way, assigns a projeetiU^ 
force as the cause of Xhtiv progressive motsk>B» 
ami an attractive force, exactly counter- 
balanced to it, (that is, equal to ihe^versed 
sine of an arc described in a given time,) a» 
the cause of their^circw/fl^r motion : afErming, 
at the same time, that these two forcea are 
sufficient to account for all the phaenomena, 
and will do it better than any material medium^ 
whatsoever *; and that in the whole course of 
this reasoning, he has not made one supposi- 
tion f. The sum of this evidence is given 
ns in a few words by that skilful mathema- 
tician Mr. Cotes, in his preface to the Prin" 
cipia : Corpora progrediendo motum suum 
Jiuido ambient i communicant ; communicando 
amittunt ; amittettdo retardantur. — '* Bodies 
'* in their progression communicate their mo- 
*' tion to the surrounding fluid; what they 
*' communicate thc^y lose ; ,and by losing it 
^* they are retarded.''' Then he undertakes^ 
to prove, tliat motion cannot be kept up by 
the impulse of any fluid whatsoever, but upoa 
the following condition— ;/i^/ velociias ab- 

soluta 

* ** The motion of the planetsv and comets being hettef 
** explained withe uc it." Neivt, Opt. Q^, «8. 

i ^' Hypothec's non fingo,*' Fr'mcif, adfn. 
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toluia Jluidi recurrentis duplo major Juerit 
quam velocitas absolutajluidi propulsi ; quod 
^eri nequit — that is, *' unless the absolute 
** velocity of the fluid which falls in behind^ 
** be twice as great as the absolute velocity 
^^ of the fluid driven away before x which 
^* cannot possibly be •"." We have in these 
voids the whole strength of the Newtonian 
hypothesis; this is its fundamental argu- 
Hietit : yet if it be compared with the pre- 
sent experiment, there is not one word in 
it, from the beginning to the end, that will 
hold true. For, in the first place, these twa 
bodies cannot, in Mr. Cotes 's sense, com* 
municate their motion to the surrounding 
fluid, because they were left at resty and 
had none to communicate. They are no pro- 
jectiles : and the mathematical philosophy 
having made projection its first principle of 
motion, is entirely to seek, where that is out 
of the question. Secondly, as they com- 
municated no motion, t\\ty lose none; but 
are continually receiving afresh and equ^^ble 
supply of it : for which reason, thirdly, they 
are not retarded; but are possessed of a 
, F 4 motion, 

• This, by the way, will prove, that wheh a cojk fwims' 
down a ftiearo, the watex muft run twice a^ faft btbind a3 it 
does before it* 
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motion, which, in theory, is absolutely A 
perpetual one. Whence it appears, fourthly, 
that the j^eri 7jequit, to which Mr. Cotes hath 
reduced himself, hath affirmed too* much, 
and confuted itself. For if the preffiire of 
the surrounding fluid be greater on the il- 
luminated side of the vanes, than its resist* 
ance on the opposite sides ; that inequality 
of pressure will necessarily produce a motion 
t)ward the weaker side; and for the. same 
reason that it produces, it would also con- 
serve the motion for ever. Fifthly and laftly, 
the well-kno\vn inference from a continuance 
of motion is worst of all : for, if the machine 
were plficed in a vacuum^ that is, in a space 
void of airy the lights would expire, and 
motion be at an end. A small hint will be 
sufficient here by way of application j only 
let it be remembered, that the lights we use 
for experiment-sake, will decay in spite of 
us ; whereas that lamp, which God hath 
lighted up in the world, never goes out 
And he that can retain so mean an opinion 
of the sun^ that marvellous instrument of 
the divine wisdom, as to suppose it acts, not 
by the emanation of its lights but by its 
quantity of solii matter^ ^oxAiS.. put out the 
two lamps and weigh them, in order to ac- 
t) count 
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count for this -experiment. If this is not 
enough to convince the ingenious part of 
our mathematicians, that their science hath 
been misapplied, and that their way of rea- 
soning upon physical causes is fundamentally 
MTong^ they must be left to philosophize 
sue more : if they are deaf to the evidence 
pf naturey it is hardly to be expected they 
wilUyield to any remonstrances of mine. 
^ As the doctrine of a vacuum, and the 
theory of resistances^ are points of so much 
importance, I have tried to be as particular 
as the cause required, and as methodical and 
perspicuous as my small abilities would al- 
low me. If there be a considerable defect 
in any of my deductions, I shall be very 
glad to be better informed ; arid perhaps 
some of the followers of Sir Isaac Newton 
may shew so much candour and humility^ 
toward a man who means welly as not to 
think him too insignificant to be taken 
notice of. 



CHAP. 
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CHAP. VL 

j1 Geometrical Argument for a Vacuum tx^^ 
amined and refuted. 

TrpXPERIMENT and logic having both 
•*-^ failed in the demonstration of a vacuum ; 
let us see what stress is to be laid on geome* 
try in the case befofe us i for we havd been 
so stunned of late years with its praises, that 
it will be neither prudent nor handsome to 
overlook its pretensions. Dr. Keil, the fw- 
tronomical professor^ was a very eminent 
geometrician, and as strenuous an advocate 
in behalf of a vacuum. To convince' uft 
that there really is such a thing in nature, 
he offers the following demonstration, which 
I fix upon, because it has the author's own 
commendation, who calU it ^n invincible Onc^ 
as the reader will find in the 17th page of 
his Philosophical Lectures, He desires us t(S 
'^ suppose all the matter in the universe to 
*^ be amassed into two spheres, which may 
** be represented by two circles, whose 
*' centers are a and b. If these spheres 
*' touch one another, it is necessary that 

''they 
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** they touch one another in one point only 
•* by the elements of geometry — and there* 
*^ fore there will be betwixt the other points 
*' of these spheres a certain and determinate 
** space not replete with matter." Hence 
the author concludes *' that there is in 
^^ reality a space distinct from all body, 
p. 19. 

This is Dr. KeiFs invincible demonstra- 
tion : for the erecting of which, you are only 
to allow this small supposition, that the om- 
nipotence of God might possibly accumu- 
late all the matter of the universe into two 
solid spheres ; and because there would be in 
this case a space void of all matter, it fol- 
lows, in his way of reasoning, that there 
really is such a space. This author seems to 
have been so full of geometry, that there 
was no room for any logic ; islse he might 
have picked up enough of it at Oxford to 
have taught him — a posse ad esse non valet 
consequentia. Besides, it is the proper 
business of a philosopher to consider the 
operations of nature, as nature is now con-' 
structed ; where, I apprehend, he will j6nd 
work enough without making a new world, 
or shuffling the old one into a new shape. 
But Dn Keil imagined it would edify ii& 

' ^ more, 
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more, to tell us what strange things woiild 
happen, if the world were all taken to pieces, 
and put together again in such a form z» 
could answer no one purpose of the creation. 
If a question had been put to him, whether 
the motion of a pendulum in a clock is pre-^ 
served by the action of occult virtues, pro- 
pagated through void spaces from one wheel 
to another, or by a contact and bearing of 
the parts upon one another from the weight 
to the pendulum ; he might have demon- 
strated the former invincibly ^ by supix)sing, 
that if ^the matter of the whole machine were 
melted down, and made up again into a 
couple of wheels, their circumferences could 
touch one another but in a single point; and 
a man might make a clock upon this prin- 
ciple, with just as much accuracy as he can 
philosophize upon the other. He that will 
impartially consider this, and many other 
geometrical arguments of the same com- 
plexion, (with which I could fill a book if it 
were necessary,) will not be very hasty to 
Believe any proposition, because it is said to 
be supported by mathematical evidence; 
which, though it be strong in its proper 
place, and undeniable if considered in the 
abstract, is nevertheless, when misapplied, 

just 
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just as weak as any other sort of evidence 
that is equally inipertinent. The lovers of 
luathematical learning, like other men, are 
too fond of magnifying their favourite 
science; and will be iutroducing it, where 
it can add no light, but will spread an air of 
mystery and darkness over a subject, ia 
itself plain and intelligible enough. Such 
unseasonable applications of it are. so far 
from advancing its credit with sober men, 
that they are in danger of bringing a plea- 
sant and profitable branch of learning into 
contempt. 

It was an ~ observation of the excellent 
Lord Bacon, whose judgment in these mat- 
ters hath never yet been called in question, 
— optime cectit inquisitio naturalise quando 
physicum tcrminatur inmathematico^y ^ ' Every 
'^ natural disquisition is brought to its pro- 
** per issue, when a physical principle ter-** 
*' minates* in a mathematical operation." 
The reverse of this is the practice of Dr. 
KeiL: he perceives that a thing will hold _ 
true in tlie mathematics, and then turns the 
world upside down to make \\\^ physics agree 
with it. If that be the best philosophy, 
which goes from physics to the mathematics ; 

that 
» Nov, Org. L. II, 
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t:hat must needs be the wprst, which goM 
headlong to the mathematics before it \s 
ready for them, and canonizes a blunder by 
a demonstration. So that Dr. Keil was 
rather too severe in censu,ring sp unmerci- 
fully, and laying such an heap of hard names 
upon his adversaries, '.* wjiose error^j'' l^p 
says, '' spring from hence, that men ig- 
^* norant of geometry will presume to philo- 
*'3ophize, and give the causes of natural 
*^ things." For, be it ever so true that some 
philosophers have not been geometricians, 
he hath shewn it to be equally true that 
every geometrician is not a philosopher. 

I do not sjay this to discourage the study 
of the mathematics : and if I had such s^ 
design,, my influence is too small to be at- 
tended with any bad consequences. How-» 
ever, I am far from designing any such 
thing ; but, on the contrary, am glad I know 
the value of mathematical learning, and 
>irould recommend the practical part of it ^o 
the study of every person who doe3 not want 
leisure, has no natural indisposition for it, 
and is willing to make a progress in natural 
philosophy ; which, so far as it hath motion 
and quantity for its objects, cannot be 
rightly understood without a moderate degreo 
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of skill in the mathematics. If this study 
should become more fashionable among 
those who are already learned in other re- 
igpects, it might deliver us from the bondage 
of some tyrannical prejudices, which at pre- 
sent do very much obstruct the advance- 
ment of natural knowledge. Electricity, 
which has given to this age an advantage 
over all that went before it, and should have 
opened to us a new world of philosophy, haa 
left us just where it found us ; and the 
curiosity of the public with regard to that 
article hath nearly subsided, while the trea- 
sures of nature are still locked up under the 
magic of attraction and a vacuum. And 
here we are like to remain ; unless the ef- 
forts of some future philosopher, more skil- 
ful and fortunate than I am like to be, shall 
rpuse the learned from their lethargic ad- 
miration of a few hard words, dressed up 
with geometrical lines and algebra. 

All I wish for therefore is this, that our 
young gentlemen, (for as to those who are 
far advanced in age and opinion, though I 
reverence their characters, and am glad to 
take the benefit of their labours, it is too 
Jate to drive them upon any fresh inquiry,) 

that 



80 On the Mechanism 

that our young gentlemen, I say, whose 
minds are disengaged from systematical views, 
would avoid all implicit obedience to namesi 
and characters, so far as they can do it 
without any offence to good manners, and 
bend their attention to such experiments as 
relate to a material agency in nature ; which 
kind of experiments have neither beeq 
sought after, nor examined into, as they 
ought to have been : and would likewise 
add to their other learning, a competent 
degree of skill in practical geometry and 
arithmetic. For it is the misfortune of these 
times in particular, that those who are ig^ 
norant of the m^tiiematics, are apt to think 
they have nothing to depend upon in physics, 
but the authority of the eminent geometri-? 
cians; whose reports, however sanguine, 
premature, and accommodated to their owi^ 
fancies, they are obliged to receive just as 
they happen to be delivered : and while 
they are not aware how much may really 
be done by the mathematics, and what greati 
assistance they will give in the proper place, 
are drawn in to allow them much more than 
their share. On the other hand, a mathema- 
tical scholar, whose judgment hath not beei^ 

infected 
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infected, doth know very well, that geome- 
try can as soon create a system of politics, 
as a system of physics. He knows, that in 
every physical operation, he must have phy- 
sical data to begin with ; and that if he is 
wrong therty all the geometrical skill upon 
earth will never set him right ; but rather 
lead himself and others into the danger of 
perpetuating the mistake, by calling the 
work a demonstration. 
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BOOK IL 

Attraction and Gravity considered 
at large. 



CHAP. I. 

Attraction inquired into, from the writings of 
Sir Isaac Newton, and the most eminent of 
his followers^ 

T Nthe former part of this Treatise, I have 
-*• made it appear, that the only rational 
and intelligible philosophy is that which at- 
tributes all motion to the action of matter 
Upon matter ; or, which is the same thing, 
that maintains an agency of material and 
secondary causes, under the direction of 
God, the moral governor of the world, and 
the supreme cause of all things. 

To such a philosophy as this, I have at* 
tempted to clear the way, by removing all 
the principal objections of our modern learned 

9 2 men : 
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men : and if the supposed evidence for a 
vacuum, depending upon the famous theory 
of resistances, which gained so much credit 
-with Mr. Cotes, and many others, as t(J be 
unhappily mistaken for a demonstration ; if 
this, I say, has been obviated to the satis- 
faction of the learned reader, what remains 
to be done will rather be a work of ease and 
amusement, than of difficult and doubtful 
disputation. 

For, if the notion of a vacuum be unsup- 
ported, and false in itself, nothing that is 
advanced in the mathematical philosophy, 
relating to physical causes^ can possibly be 
right. Where that philosophy ha$ mistaken 
or misrepresented the nature of these causes, 
it will be found inconsistent either with 
itself or with nature, and most probably witji 
both : so that to detect the falsehood of it, 
we shall have nothing to do, but to compare 
it with itself, and with those notions of the 
natural world, with which our senses and 
experience will furnish us. In this disqui- 
sition, we shall have in review before us, a 
great variety of useful and curious experi- 
ments, which cannot fail of giving some en- 
tertainment, to a m;nd that hath bestowed 
any of its attention upon such subjects^ 

As 
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As my concern at present is barely with 
physical causes^ po reader can be so absurd 
as to suspect, that I am aiming at the de- 
molition of all that is now called by the 
name of natural philosophy ^ without doiiig 
me a manifest injustice, and betraying his 
own want of knowledge. The 'doftrine of 
unmechanical causes^ though the forward- 
nefs and indiscretion of some adventurers 
may have loaded it with a much greater 
weight than it is able to bear, does yet make 
but an inconsiderable part of the established 
philosophy ; and if it should hereafter give 
place to some more natural account of things, 
the remaining parts will always retain their 
present value. Such a work as that of pro- 
fessor S' Gr9.vesande, will deserve the admi*- 
ration of the ingenious, so long as the world 
lasts; and that man must have but an in- 
different relish for the sciences, who is not 
greatly delighted with the discoveries and 
improvements he may there meet with, in 
mechanics y optics ^ and astronomy. I speak 
this in much sincerity : and it is intended 
to obviate any prejudices that might be 
raised against my design, either wilfully or 
by mistake. To give offence, is no part of 
my design; and I am unwilling, that any 
G 3 well- 
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well-designing person should think me to be 
possessed by a spirit of detraction, while I 
am conscious to myself it is far from me, and 
thstt I ^rite upon much higher motiyes. I 
am encouraged therefore to hope for the at< 
tedtion at least, if not the iavour, of all 
candid men and lovers of physical truth, 
while I inquire into the sense and merit of 
those cameSf by which the Author of nature 
is now supposed to direct the natund world. 

First then, let us inquire, what kind of 
force or agency Sir Isaac Newton and Ida 
followers would have us understand by the 
terms attraction, and repulsion. 

That attra8ion hath been called in for the 
explication of natural appearances^ both 
great and small, every person must know, 
who has either heard or read any course 6f 
physical lectures delivered in English withm 
this last century : it is looked upon as a 
principle, not to be approached without a 
degree of reverence, because the great Sir 
Isaac Newton thought proper to make use 
of it : but if the word should have no fixed 
meaning, and should itself want an explica- 
tion, it will explain nothing at all ; it wilt 
be a word without an idea : and if we apply 
it to any particular case, we shall explain, 

as 
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dt the phrttte is, ignotum pet ignoHusj •* a 
ihing unknown by another that is less kno^fi.^ 
The w«^d, if strictly taken, sigiliiies a rff^- 
ing or pulling of one body toward another : 
but ^ every s^cicnce hath a Hbeity of ad6pt- 
ing its ^wn terms, provided it adds such a 
definition as will keep them clear of ambi* 
If uity, I shall spend no conjectures upon it, 
but try if I can settle the three following 
questions, upon the best authority that is to 
be bad-*-first, where attraction is seated ? for 
example, whether it be in the earth, or iA 
the stone that falls down to it, or in both, 
6r in neither, but In some substance exte- 
rior to both ? secondly, whether it is to be 
understood as a cauSey or as an eff'e6i f and 
thirdly, whether it be a material force, or 
ato immaterial one ? under which heads, all 
that need be said upon the subjeft may easily 
be reduced. 

The principal species of attraction, being 
^"st of gravity y is described by Sir Isaac New- 
ton iff his 5th definition as a centripetal 
farce^ whereby bodies are drawn^ impelled^ or 
tend in any manner toward a centre : which 
definition is so far from giving any meaning 
to the word, that it rather seems to guard it, 
as it were, from having any meaning at all ; 
G 4 there 
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there being a mixture of terms here, o|>- 
posite in sense to one another, such as at* 
traction and impulse. To say a body is 
attracted or pulled^ is to place the power in 
that point to which the body is tending: 
to say it is impelled or driven, is to place the 
power behind it : but to say both, is to in-* 
troduce two opposite forces, destructive of 
each other; which, in effect, is to say «or 
tki?2g. This definition, therefore, as it now 
stands, will give us so little help, that. we. 
must divide it into two parts; tliat is, we 
must distinguish attraction from impulse as 
things diametrically opposite, and see ta, 
which of these two Sir Isaac and his followers 
have inclined. 

If we look forward in the PrincipiUj we 
shall accordingly find, that attraction is the 
favourite term upon which all the learned 
author's reasonings turn ; and that he sup- 
poses it to be a power seated in the moved 
bodies themselves^ and in every single particle 
of which they are composed. What else 
can we understand by * corpora trahentia, 
^' drawing bodies ;" and, corpora se inviccm 
trahentia, '* bodies that mutually draw each 
' ^ other, '^ and f splicer cb ex materia attractivd 

constantes, 
* Lib. I. Sect, i l. t Ibid. Prop. 72. 
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t^nstantes, ** spheres composed of attractive 
*^ matter ?" How again are we to estimate, as 
he directs, the attractions of bodies, ** by 
<« assigning to each of their particles their 
^^ (nvn proper powers*,'' unless the power^ 
by whatever name he pleases to call it, be as 
truly seated in the particles themselves, as 
the force of resistance, or" vis iner^ioe, is sup- 
posed to be? And if the learned author of 
this doftrine had not really supposed the solid 
matter of the parts themselves to be endued 
with an active power, or principle of motion, 
he would not surely have taken so much 
pains to prove, that this power cannot be 
owing to any (ether^ or other matter, exter- 
. nal to the moved body. For he sets it down 
as the result of his reasonings and experi- 
ments, that no species of matter can be 
void of gravity 1i ; whence the conclusion is 
obvious enough, that no matter can aft as 
the cause of gravity ; unless the effect of 
gravity in some bodies, can be the cause of 
it in others; which is absurd. It remains, 
then, that the gravity of all bodies is owing 

to 

* Assignando singulis eorum particulis. vius fnfrUs* 
Lib. I. P. 69. Schol. 

+ Lib. IIL P. 0. Cou 9. 
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to a quality * residing in the bodies Hum^ 
selves ; to which quality be |^ves the tuune 
of attraction. How much truth there is in 
the grounds of this conclusion^ we shall S6fc 
hereafter; when gravity, as an universal 
property of matter, id compared with expe-* 
riment. 

There are in the celebrated works 4rf Sif 
Isaac, so many passages seemingly ittesott"* 
sistent with the doctrine above mentioned, 
and especially that portentous paragraph 
with which he has concluded his Principia^ 
that I would proceed with all due caution, 
and not venture to fix such an opinion upon 
him, without taking some farther counsel, 
and inquiring h&w^ and in what seme^ this 
doctrine has been received in the judgment 
of others, who subscribed to his opinions, and 
understood them thoroughly. 

Dr. J. Keil, who bestowed much pains in 
drawing out this principle of attraction into 
a theory, has the following assertion,—* 
Materia^ inesse vim attracticenij confirmat 
experientia; '^experience teaches us, that 
*' there is in matter an attractive power.'* 
This he calls — mater ios vis superaddita^ '^ a 
** force superadded to matter;" and again, 

Inest 

* Haec est qualitas omnium, &c. Ibidt 
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Inett materift potential qui^mgula^ exfui^ 
bus constat, particulce se invic/sm attrahunt^-^ 
*^* There is a power in nuttter by which all 
^^ its particles mutually attract one aiMH 
^* ther*."- So that in the constitution of all 
bodies, there is a composition of matter and 
power; and if their parts are fbund, either 
to adhere, or tend toward each other, we 
must ascribe it to a virtue in the parts thettt* 
selves^ If an heavy body falls to the earti^ 
it is occasioned by a vis or potentia super* 
added to the matter of them both: than 
which nothing can be more express to the 
point ; add it shews us, to a demonstration, 
how attraction was understood by Dr. KeiL 
Dr. Frend, who endeavoured to solve die 
operations of chemistry by this principle, and 
was engaged in a controversy about it with 
s<»ne foreign writers, was of; the same mind 
with Dr, Keil. In tlie defence of his let* . 
tures, he calk it— principium attrahens^ quod 
cnmi materiee inest — ^' a drawing principle 
^' that resides tn all matter." And again he 
asserts — Inesseimmutabilemquibuscunqua cor* 
poribus vifHy quk itidem in sese mutud feran^ 
tur — ** that bodies are carried mutually to- 

<< ward 

• Philof. Trant* No. SU« 
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^' ward each other by an immutable pawe^ 
** within themselves^. 

Dr. Clarke, in his notes on Rohault, in- 
forms us, that ^^all those bodies will ascend 
**in water, which are less attracted by the 
*^ gravity of the earth than water itself t.'» 
Whence it appears, that, according to hi* 
notion of the affair, attraction is a quality 
residing in the matter of the earth itself; it 
being the gravitas telluris, to which the ef- 
fect is imputed. 

To these authorities I may add that of 
the ingenious Mr* Rowning ; who, speaking 
of the attraction of gravitation, observes, in 
very plain terms, that the ^' action of the 
*' earth upon bodies is exactly in proportion 
" to the matter they contain J." 

But, above all, the opinion of Mr. Cotes is 
to be regarded ; and it is more to my pur- 
pose than any of the former. *' We are to 
** believe," says he, *^ that the action of the 
*' earth is composed of the joint actions of all 
*' its parts; and therefore, that all terrestrial 
** bodies ought to attract one another with 

^' absolute 

♦ Philos. Trans. No. SSI. 

+ Quae telluris granj'ttate minus sunt attracta. P. I. 
ch. 92. § 15. 
X Vol. I. p. 15. 
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** absolute forces, which are in a direct ratio 
*^ of the drawing matter*.^' 

All these authors then (and I might have 
added many others) who have followed the 
Newtonian hypothesis, declare, with one 
voice, that when a terrestrial body is so 
acted upon as to descend to the earth, the 
drawing matter of the earth itself is the 
agent ; and it acts by a power superadded to 
it, which power they call attraction.* All 
the other kinds of attraction, such as that 
of magnetism, cohesion, electricity, and repul* 
sion the antagonist of them all, are to be 
understood in the same way : but I forbear 
to weary the reader's patience with any par- 
ticular proofs of it. This, I remember very 
well, is the sense in which I myself, in com- 
mon with other young men, understood the 
doctrine of attraction, when I was first 
initiated into these mysteries of natural phi- 
losophy : it is the sense in which I thought 
Sir Isaac did originally desire to be taken ; ^ 
and in which, I am cpnfident, he is taken to 

this 

♦, Jctio itaque telluris ex conjundlis partiam acttonibus 
conflari censenda erit ; atque adeo corpora omnia terrestria 
se niutuo trabere oportet viribus abfolutis, quae sint in 
ratione materics trabenUs^ See hi» Pre£» to Sir Is. Prtnm 
fifia, p. 8» 
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this day, by very many ireadefs. I am 
now perfectly easy about it, being in the 
company of those writers, whose learning 
and candour^ with regard to their author, 
hv^e never yet been disputed. 



CHAP, IL 



jfn attempt ta settle the Questiofiy fFhethef 
Attraction is the Cause or the Effect ? 

TT will now appear very strapge to askj 
-^ whether attraction be ^^ cause or an fffect; 
actiofiy Jorc^y power y Sfc. having all been 
9scribed to it : but this inquiry will answer 
a very good purpose, and serve abundantly 
to convince the unprejudiced, that they, 
who brought this principle into fashiop^ did 
never yet know what to make of it. 

Mr. Leibnit?, and many other learned 
mathematicians, wpre for exploding attract 
tion at its first appearance : they even ridi- 
culed it as unphilosophipal, unintelligible, 
an occult quality, and a miracle ; and ab- 
solutely denied its very existence, Observe 
jtherefore what a reply Dr. Clarke made upon 
the occasion — ' ' It is very unreasonable to call 

1 ^^ attraction 
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, ^^ attraction axniragle and an unphilosophical 
.'* term, after it has been so often distinctly 
' ' declared, that, by that term, we do not piean 
'* to express the cause of bodies tei^ing to- 
^^ ward each other { but barely the effect of 
^' this cause, or the phcmomenon itself dis- 
*^ covered by experience, whatever be or be 
*' not thp cause of it,. Gravitation or at- 
*^ traction in this sense (he adds) is an actual 
*' phaenomenon ip nature*/* Apd again: 
^^ Philosophers therefore may search after 
*^ and dii^cover tthat cawe if they can, be it 
. * * mechanical or not mechanical : but if they 
** canpot discover thp cause, is therefore 
** the effect itself, the phcsnomenon, or the 
** matter of fact discovered by experience^ 
^* (which is all that is meant jby the word^ 
^^ attraction and gravitation) ever the less 
^*truet?" Mr. LeibnitjB ob^cted to at- 
tfactiony as to ^ai cause occult and unphilo- 
sophical : Dr. Clarke answers bim, by deny- 
ing it to be any came at all ; for that it 
means nothing more than the bare effect^ or 
j^osnomenon of a. tendency in one parcel of 
matter toward another. And it this were all, 
who could take any offence at it ? For that 
0iere i$ such a tendency, experience will 

indee4 

• P. 315. + Pf 867f 
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indeed convince us; and there are few 
astronomers who will not allow of it, even in 
the heavenly bodies themselves. But then 
the authority, to which this author has re- 
ferred us, is no way to be reconciled with 
his account. The words of Sir Isaac are 
these : "I use the word attraction, only in 
** general, to signify the Jbrce by which 
*^ bodies /€m/ toward each other*. ■' Dr. 
Clarke assures us very positively, and de- 
sires he may not be misunderstood, that 
when bodies are said to be attracted or gra- 
vitatCy nothing farther is meant, but that 
they are found by experience to tend: 
whereas Sir Isaac affirms, in the very WDrds 
to which he has referred us, that attraction 
expresses that force in general by xvhich iAit^ 
tend; and these two are as distinct as a 
cause and an effect can be ; just as different, 
as is the tendency of a bullet toward the 
mark, from the force of the gunpowder, by 
which it is sent from the piece. And the 
following words are sufficient to prove, that 
notwithstanding what Dr. Clarke might 
think it convenient to say to Mr. Leib* 
nitz, Sii* Isaac did not publish his attrac- 
tion of gravity to the world under the 

notion 

• Opt. Q;^2S. 
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tiption of an effect—** It is enough,'* sayi 
h^, ** that gtavity really exists, and aSis ac-^ 
** cording to thfe laws we have laid doWh ♦;** 
which an effect] 1 think, call nevet be said 
to do, without a childish abuse of language. 

Let us tiext examine the opiilioh of Mf« 
Cotes, who thus appeals to his adversaf ies, in 
behalf of the Newtonian gravity—** Would 
** you call gravity an occult causi^ because the 
^* cause of gravity is occult, ot not yet found 
** out?" No, certainly I would not 5 for if it^ 
cause remains yet to be discovered, I Voiild 
have observed the caution given by Dr. 
Clatke, and have called it an effect. For if 
gravity be a physical cause, Ive have al- 
ready gained Our purpose, and the science 
of physics does not require us to look for 
another. If it be a cause of so mysterious 
a nature that no physical account can be 
given of it, it must be classed among those 
occult ^Jualities, which the scholastic phi^ 
losophers aflSrnied to have a real existence, 
though they were unable to give any farther 
account of them. We have the authority 
of Mr. Cotes, however, that gravity is a 
CausCy which was just now affirmed to mean 

VOL. Viii. H nothing 

* Satis est quod gravitas revera existat, ic agat secan* 
dam leges a nobis eitpositas. Brtnap^ p« alt#' 
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nothing lt>Vt an effect; and the adversaries 
of this philosophy were charged with thc^ 
unreasonableness of a contrary supposition^ 
From what this author hath written,, it ap- 
pears he never suspected gravity to be any 
thing Jbiit a cause, even the most simple of 
ictuses, beyond which human knowledge 
cannot possibly penetrate — ubi ad causam 
sirjfiplicimmam perveneris (such as he sup-? 
poses gravity to be) jam non licebit ulteriujs 
progredi*. He thinks there is a concatena- 
tion of physical causes in the world, some 
compounded, others sirnple and primary; 
but gravity he places among the causas ^im- 
plicissimas, and causas per ph{e?wmena compro- 
batas ; which latter expression sets him in a 
direct opposition to Dr. Clarke, with whom 
attraction and gravity mean nothing but 
the bare effect or phaenomenon itself : here, 
it is the cause proved by the phcsnomenon. 
And it should be remembered, for the justi- 
fication of Mr. Cotes, that he wrote in the 
year 1713, Dr. Clarke in 17 J 7. 

Dr. Desaguliers will inform us, that '* at- 
* ' traction and repulsion seem to be settled^ 
'' by the great Creator as first principles 
*' iu nature, that is, as the first of second 



'' causes; 
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^*' causes; so that we are not solicitous about 
" their causes, but think it enough to de* 
'* duce other things from them**'* This 
confirms the reflection I made a whil^ ^go; 
that attraction is a cause, of which no ac« 
count can be given ; and that it serves to 
keep us under the same ignorance with the 
occult qualities of the schools. It was fot 
this reason only, that the learned men of the 
last age remonstrated against it with so 
much earnestness ; and Sir Isaac, in ordei* 
to remove the offence it had given, took the 
matter a second time into consideration* 
When he viewed it in a physical light, he 
concluded, from some particular experiments^ 
*' that there are agents in nature able to 
" make the particles of bodies stick toge- 
* * ther by very strong attractions ; and that 
** it i*the business of experimental philoso- 
*^ phy to find them out ;" that is, to find out 
those agents of nature, which act as the im- 
mediate causes of this attraction. By which 
remarkable concession, Sir Isaac himself, 
who elsewhere makes attraction ?^ force, and 
gravity an active principle 'f, has reduced 
them both to effects; encouraging us, at the 
same time, to inquire experimentally after 
H 2 those 

* PbiU Txaii&a« N04 4M« i Opt* p» Sj6* 
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those agents of nature, by which these ief- 
fects are brought about ; while Desaguliers, 
his disciple, lays down attraction itself as the 
Jir$t of second causes; and Mr. Cotes assures 
us, that if we get so far, jam non licebit ul* 
terius progredi. 

If we ask the opinion of Dr. Friend, he 
will tell us, gravity is an effect, and at- 
traction is the cause of it. ** This attraction'* 
(which he had just before called the j(brce 
of gravity) ** they may, if they please, call 
** an occult quality ; and I believe it will 
*' always be occult:'' yet, in another part 
of the same discourse, he says, ** In ex- 
** plaining this gravity, which is evident to 
•* sense, Newton hath far exceeded all other 
*' philosophers ; having demonstrated it to 
** arise from an attractive force^ which dis- 
** perscs itself far and wide, through all 
*^ matter ♦." From which passages^ we may 
learn these three things : first, that gravity and 
attraction are the same thing f , because the 

author, 

* Attradlionem hane (fcil. *vm gravitatisj ii ita Inbet 
qualitatem occultam nuncupent, & erit, credo, fempcr oc- 
culta.— In hie quidexn gravitate exfiicanda, quam fenfa 
percipimus, longiflime omnium proceffit Newtonas; earn 
quippe a vi attradrice quae per omnem materiam ie unck- 
quaque difleminat oriri commonftrat. Ubi foprsu 

f See; the paflage quoted from Dr, Clarke at p« ffifj 6s» 
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author, speaking of the vis gravitatis^ calls 
it — hcec attractio. Secondly, that attraction 
is an occult quality ^ and always like to re- 
main so. Thirdly, that gravity is best ex- 
plained by attraction ; though, by his first 
supposition, they are the same thing ; and 
then gravity is best e.vplained by itself: by 
the second, attraction is allowed to be an 
occult quality, and he believes it will always 
remaip so. \yhic^i doctrinp comps out just 
as it should do; for, to explain anything by 
an occult quality, is to explain it by itself; 
and, in this absurdity, the causes proposed 
by the mathematical philosophy wiU all be 
found to terminate, 

, IJow opposite to tho§g of this last-named 
author, were the sentiments of the celebrated 
M. Maupertuis, who thus apologizes. to the 
French academy in behalf of the Newtonian 
attraction : ' * Many people, " says he, * ^ have 
^' been disgusted by the word attraction^ 
** expecting to see the doctrine of occult 
** qualities revived again in natural philoso- 
'* phy ;■ but, in justice to Sir Isaac Newton, 
** it should be remembered, he has never 
*' considered attraction as an explanation of 
** the gravity of bodies toward each other; 

** he has frequently warned us, that he em- 
H 3 ^* ploys 
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*' ploys this term, not to signify a eatise^ but 
*^ only an effect*." iTierefore, in tibe judg- 
ment of this learned man, whosoever recom- 
mends attraction to us as a physical cause^ 
or an explanation of effects, revives the doc- 
trine of occult qualities. 

Lastly, let us hear the opinion of Mr. 
Rowning, a writer who has done mucl^ ser- 
vice to the public, by giving us a regular 
treatise upon natural philosophy in all its 
tranches. But, alas ! we shall find him to 
have fallen into the same inconsistency with 
the other writers wKo went before him; 
which I would impute wholly to the per- 
plexed condition of the subject, and not to 
any intention of deceiving in the author, 
^' It is to be observed," says he, ** that when 
^* we use the terms attraction or gravitation, 
*' we do not thereby determine the physical 
^^ cause of it, as if it proceeded from some 
^^ supposed occult quality in bodies; but 

^* only 

* lie mot d'attraction a egarou h6 les esprits ; .plosieun 
ont craint de voir rena}tre dans la philosophic la doctrine def 
qualites occultcs ; mais c'est une justice qu'on doit rendre a 
Mf Newton, il n'a jamais regarde I'attraction comme une 
explication de la pesanteur des corps les uns vers In iQties, 
il a fioiivent averti qa41 n'employoit ce terme que pour.de* 
signer un fait, Sc non point une cause, Vid» Aur^n. Pfys, 
par Mr^ rfp Gamafkes, p, 343, ♦ 
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" only use those terms t6 signify an effect, 
** the cause of which lied out of the reach bF 
^'^ our philosophy. We may say that thb 
** earth attracts heavy bodies, though at the 
' ** same time we are wholly ignorant whether 
** this is efFected by some power actually 
^* existing in the earth or in the bodies, or 
''external to both*." 

Now, although attraction be an unhappy 
word by which to express ah effect, yet if 
Mr. Rowning were consistent with himself 
in this matter, and carried the thing ho far- 
ther, it would be well enough ; but the con- 
trary will soon appear, from a few short re- 
marks upon this passage. When we use the 
term^ attraction or gravitation^ we do not 
thereby determine the physical cause of it. 
Of what? of attraction? fhdt is hot the 
thing re<5[uired. We only desire to know, 
whether attraction really exists in nature, as 
a yar^e or active principle; and whether we 
are to understand it as a cause of natural ef- 
fects ? or whether it be barely the pka:nome- 
non of a tendency or motion, the cause of 
which is yet to be sought after ? It can 
never be expected, that the word attraction 
should be expressive of its own cause ; espe- 
H 4 cially 

• Vol.1, p. 17. 
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cially if it be one of Mr* Cotes's most timpk 
qf cawesj and such as hath no. dependence 
upon any other*. The complaint is this: 
that attraction is proposed to us as an effect ; 
but, if once admitted, it is thenceforward 
forced upon us as a came; as a solution of 
pvery difficulty; while attraction itself in 
the greatest difficulty of all- That it is ap- 
plied ^s a cause by Mr. Rowning, I shall 
shew hereafter : that it ia not to be under- 
stood as an effect, may be proved from his 
own definition of it ^* Matter," s^ys h^ 
** has also certain j&(wer^ or active principles, 
•* known by th^ name^ of attraction and rc- 
^^ pulsion, impressed upon it by the author 
*^ of its being, for th? h^ttex performance tf 
^^ the offices for which it was designed f*" 
If attraction, as the author says elsewhere;, 
be a term uspd only tq signify an eff^ectt 
how comes it to t>^ t^^r? described as a 
power or active principle^ whic}i are appelU- 
tions utterly repugnant to the notion of a 
natural effect ? Can an e^ect perform office^^ 
and be active toward |;h^ production of afi 

^ Dantur cert^ prinuuiz corporum afibctiotics, quae f m« 
fiiam sunt fr'm^ri^f npn pendent ab s(liis. Ubi utp:; a piese 
of reasoning altogether schqlasfic. 

+ Ibid. p. l«. 
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effect ? that surely must be the work of aa 
agent or physical cause; and attraction 
must undoubtedly be taken for such, if it 
can be proved to perform any physical offi«> 
ces. But, says Mr. Rowning, ** we arc 
** wholly ignorant whether this is effected by 
* * some power, actually existing in the earth, 
♦* or in the bodies, or external to both."* 
And here he seems to have forgotten hi$ 
own definition of attraction, it being 3, power 
impressed upon matter ; others say, it is in 
the matter, and that the point has been deman^ 
strafed. But, if after all this we are wholly 
ignorant, whether it be within the matter, 
or without it, the obscurity of the whole 
becomes invincible, and attraction can serve 
only to raise a dust. 

Truth, it is said, is not to be spoken at 
all times; but sometimes one cannot pro*- 
ceed a step without speaking it, and that is 
V^y ca3e *t present. Attraction, then, as 
]Vf r. I^owpii^g and others have defined it, is^ 
an occult quality^ an i^^wci ^uwp^, affectio^ 
facultas naturalisy vis insita, or any thing 
in that way. But to avoid the imputation 
of this, some after- thoijght is generally add- 
ed, to take off, as it were, and qualify the 
jj^ens^ of their definition ; wl^ich renders the 

case 
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case still worse. For if you assert jjositively, 
tiiat matter has an active principle or po^wer 
in it; and afterwards confess, you cannot 
tell what it is, where it is, nor the manner 
in which it produces any single effect, or 
whether it produces any effect at all ; then, 
jf ever there was an occult quality main- 
tained in the schools, attraction itiust be 
such a quality; and Dr. Friend has allowed 
us the liberty of so understanding it. 

But I promised to shew, that although 
Mr. Rowning be in doubt what to call his 
attraction, yet in practice he applies it, not 
as the phctnomenon itself^ but as the came of 
it, and for the purposes of explanation. — 
*^ The rise of the water in capillary tubes," 
says he, ^' is manifestly owing to the attrac- 
** tion of those particles of the glass, which 
*' lie in the inner surface of the tube ini- 
" mediately above the water*." In his ac- 
count of which experiment, we have two 
things clearly distinguishable one from the 
other : the rise of the water in the tube, and 
the attraction of the particles that lie in the 
inner surface of the glass. The former is the 
effect manifest to sense; the latter is the 
cause to which it is manifestly owing. If it 

.should 

* Vol. I. p. 13. 
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should t><e suspected that I misunderstand 
him; then, I say, attraction must be either 
the cause or the effect^ if it be the effect, 
then to aOirm that the rise of the water is 
manifestly owing to attraction, is but to say 
in other words, that the effect is manifestly 
owing to the effect. , If it be taken for the 
physical cause, and I should deny the reality 
of its existence, how would you prove it? 
you will refer me perhaps to the phaenor 
menon, for that is the common way of rea- 
soning, and tell me I cannot help seeing it. 
But attraction is not .the phaenomenon ; it 13 
Mr. Rowning's explanation of it. The phse.- 
nonienon, evident to sense, is only the rising 
of the water; Xht attraction of the glass, noit 
evident either to sense or reason, is set down 
as the cause to which it is manifestly owing; 
and this cause, as the author hath affirmed 
in another place, is a term used only to sig- 
nify an effect. 

The nature of attraction is such, that we 
have succeeded but very indifferently in thi3 
part of our inquiry, as I could plainly forcr 
see we should. The subject is involved in 
^^n obscurity, either studied or unavoidable; 
and in all the passages I have been able tp 
collect and compare, there is something that 
I appears 
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appears like a slight of hand, whereby the 
eff'ect is shifted into the. place of the camtn 
jAs I am unable to draw any doctrine from 
the whole with precision, it will be best to 
introduce the authors giving their verdicts 
in their own word^i and leave the reader to 
bis own judgment 

Sir Isa£^c Newton, ^^ Gravity exists^ and 
^racts:' 

Dr. Friend. '• In explaining gravity, 
** Newton has demonstrated it to aris? Irom 
*' an attractive force.'' 

Mf Maupertuis. '* It should be remem** 
** bered, injustice to Sir Isaac Newton, he 
^^ has never considered attraction as an ejr« 
** planation of gravity. He considers it not 
** as a cause, but as an effect,'*, 

Mr. Cotes. " Gravity 13 the most siotple 
** oi causes.'* 

Dr. Clarke. ** It hajS often been distinct^^ 
** ly declared, that by the term attraction^ 
*' we do pot mean to express the cause of 
** bodies tending toward each other, but 
** barely the effect , the effect itself Xhtphcf- 
*' nomenofZy ' or matter of fact." 

Dr. Desaguliers. *' Attraction seems to 
** be settled by the great Creator as the Jfr^/ 
* ^ of second causes. " 

Mr. 



Mr. Rmming. ** When we use the term 
** attraction f we do not determine the phy- 
** sical cause of k^ but use it to signify an 
^^ effect: nevertheless, to attraction efiectt 
^* art manifestly (ming.^* 

Sir Isaac Newton. *^ There are agents m 
" nature able to make the particles of bodies 
•* stick together by very strong attractionSf 
** and it is the business of experimental phi- 
** losophy to find them out.'^ 

Dr. Desaguliers. *^ We are not solicitous 
" about the cause of attraction.'* 

Dr. Friend. " I believe attraction will' 
** always be occw/f.'* 

This is the result of my inquiiy : and if 
uny person should be so inclined, he is wel« 
come to lay all the blame upon my want c^ 
understanding. But, if these learned men^ 
who are all vindicating the self-same prin^ 
ciples of philosophy, had no clear ideas of 
what they affirmed, and could not under-^ 
stand one another; it is no wonder, if the 
world should be at some loss to understand 
them. 



CHAP. 
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Attraction, p materiaiybrce m thejudgment 
of some authors; an immaterial ^(^1^ in 
the judgment of others; andsoptistimes both 
osieand the other in the judgment 6f the 
same author. 

TTyTE have yet a third question to settle, 
^ ^ viz. whether attraction be a material 
fitt'oe,, or an immaterial one? and here we 
shall have the same scene as before; this 
|H>int being left equally undetermined with 
the former. Indeed nothing <ian be morff 
evident, than, that Sir Isaac Newton, great 
as he was^ hath offered to the world his 
thoughts on. a question of much import^ 
ance, and tajcen both sides of it It is dis« 
agreeable to me to say this ; but it must be 
said, because it is certainly true; akid I 
cannot g^ forward without saying it Thi% 
as we shall find, has divided his followers; 
and their disputes with each other in regard 
to first-principles and fundamentals, have as 
great an appearance of fallibility and uncer- 
tainty, as other disputes used to have, be- 
fore 



Considered at largt^ , . 1.1 1 , 

fore the science of natural philosophy was 
enriched with demonstration: of which I 
shall exhibit a notable instance, / frdm the 
writings of the celebrated Mr. Ma^laurin,. 
a^d his antagonist, the author of an Inquiry, 
into the Nature of the Human Soul. 

But first let us attend to Sir Isaac hiniseld* 
There is a passage in his OpticSy wherein he 
allows, that what he imputes to attraction. 
may be performed by impulse *. Dr. Clar kc^. 
in his notes on Rohault, cites this passajg^ ;, 
and lest we should take the impulse here 
spoken of, to be that of soipe^ i^terveninj^ 
matter, he inserts, by way of comments — 
non utique corporeo — t declaring, that thi& 
impulse is 7iot corporeal; or, in other words,., 
that it is not the impulse of any material, 
agent. We have the same sentiment from) 
him upon another occasion : — ** It is now: 
** allowed on all hands, that gravity doea 
^* not d^P^nd on the action of the air oc 
'^ aether J but is a primigenial, innate, and 
^* unchangeable affection of all matter :|:.'' 
This is in answer to the great Dr. Walliv 
who was of another mind. He suspected 

that 

• PageS6U + Page 51. 

% Verum cum jam In confesso sit, gravitatem nos ab 
^tbtretft poidere, sed c»se prim^genianif coiumtai% 
tabilemque materis affect ionemf, k^^ p^ 6i« 
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that gravity, though usually takep for a pri- 
mary quality, might be owing to the percus" 
iion of some impelling matter, and proposea 
a shrewd case to countenance his opinion ; 
but I forbear to say any thing farther of.it iH 
this place. 

Mn Rowning, who has laid down the re- 
ceived philosophy with as much diligeiice 
and fidelity as any man, hath affirmed no* 
thing so expressly, as that ** these dfsposi- 
** tions in bodies (such he calls gravitation, 
" attraction, &c.) are not the result of any 
** mechanical cause whatever, that is, such 
** as may arise from the action of ariy mate- 
*' rial substance*.*' And he has treated hb 
mathematical readers with a demonstration, 
proving the impossibility of it. Professor 
S. Gravesande, from whose great abilities we 
might have expected something more satis-* 
fectory, unhappily fell into the same way of 
reasoning; and gave^ a geometrical demon* 
stration, (as he thought, ) that the spheric!^ 
figure of a drop of water cannot be occa-* 
sioned by the equal pressure of any fluid 

medium. 

♦ Pref. p. 6. Mr. Cotes hath affirmed the same^ in his 
prefiite to the second edition of the Prtncipia — Gra'vhas'--' 
ex aiiis corporum affectionibus at que adcQ ex causu mechani* 
CIS criginem non batet^ p« 9. 



considered at latgi. ^ 1 13 

Di^dium. More authorities to the same pur*- 
J>ose might easily be produced ; but this doc- 
trine hath been so largely and confidently 
maintained by so many writers, that I must 
have the assent of the learned,, if I set it 
down as a doctrine of Sir Isaac Newton. 

But then, on the contrary, it is to be re- 
membered, that this introducing of imma- 
terial impulses into the world of matter, first 
i*aised a clamour against his philosophy^ as 
tending to revive all those occult qualities, 
which had been so happily banished, but a 
while before, from all books of natural phi- 
losophy. To obviate this, and to shew^ as 
the author expresses himself, *^ that he did 
** not take gravity for an essential property 
** of bodies," he added a question concerning 
its cause*. T\m cause he supposes to be a 
subtileatherial medium — readily pervading all 
bodies — expanded through all the heavens--^ 
causing the gravity of those great bodies (the 
sun, planets, comets. Sec.) towards one ano'- 
thery and of their parts toward their bodies-^ 
and such as majf^ suffice to impel bodies from 
tKe denser parts of the medium toward the 
rarer with all that pwjoer which we call gra-- 

VOL. vrn. I "oity. 

♦ Opt. Advert. II. 
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mty *. This, I say, is proposed as a material 
cause. For, is it not a medium, capable of 
Q^arity and density, subject to a kind of vi- 
hrations or pulses ? and an immaterial medium 
would be an ens rationis, a philosophical 
spectre, a contradiction in terms. 

Here, then, wc have two diflferent systems 
of philosophy. According to the fonner of 
them, all the operations of nature are con- 
ducted by the means of unmechanical and 
immaterial impulses in a ^vacuum; but, ac- 
cording to the latter, they have as their im- 
mediate cause, an asther expanded throu^ 
all the heavens : and he that shall take up 
either with the one or the other, or with the 
one against the other, will have Sir Isaac 
Newton on his side ; but whoever shall as- 
sume them both as true, will bring himself 
into great distress and difficulty. 

This was the fate of the ingenious Mr. 
Maclaurin, a learned and elegant writer, 
who undertook a formal defence of the New- 
tonian hypothesis against all the objections 
that had been made to it ; and was well qua- 
lified, if any man could be so, for the under- 
taking. He understood his subject perfect- 
ly ; and was sensible he could never do jus- 
tice 
• See Opt# 0^.18, 19, to, %%0 
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tice to the Principiay without banishing all 
material causes from the heavens. This he 
attempts to do, though it is frequently with 
some reserve, in several parts of his treatise, 
particularly in the following words: ^^ as 
*^ for a more subtile medium than the air, 
*^ no experiments nor observations shew, 
^ ^ that there is any here, or in the celestial 
** spaces, from which any sensible resistance 
* ^ can arise *. " Mr. Maclaurin was very 
well inclined to admit a material agency in 
subordination to the first cause f ; but this 
false doctrine of resistance tied up his hands, 
otherwise his work might have been all of a 
piece. As it stands now, the most valuable 
passages in it are so many contradictions to 
,all the rest. After what he has said above, 
who would expect to hear him reflect upon 
*/ others, who, while they overlook the in^ 
*' termediate links in the chain of causes^ 
^^ and hastily resolve every principle into 
*^ the immediate influence of the first cause, 
*^ impair the beauty of nature^ put an end 
*^ to our inquiries into the most sublime parts 
** of philosophy, and hurt those very interests 
13 '' they 

• Page 294. 

f This is yery manifest from the i4th section of his las) 
chapter* 
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'^ they would promote *." They Ao so most 
imdoubtedly : but hath not the mathema- 
tical philosophy this tendency? doth it not 
oblige us to deny, against reason and our 
better knowledge, that any experiments or 
observations shew that there is a medium more 
subtile than air? hath not Mr. Maclaurin 
himself denied it in these very words? And 
elsewhere, in the most categorical terms, he 
hath asserted an absolute vacuum : — ** Sir 
* * Isaac Newton's philosophy, " says he, ** has 
** shewn, that not only there may be, but 
^' that there actually is a vacuum — that mat- 
*' ter appears to occupy but a very small por- 
*' tion of space f." If this should be true, 
what becomes of his chain of causes? for, if 
there be no medium concerned as a second- 
ary cause in the motion of the planets, &c. 
it follows unavoidably, that there must either 
be inherent and self ^moving powers in matter, 
or that the influence of the first cause must 
be immediate^ for there is nothing else re- 
maining; and then Mr. Maclaurin's chain 
will consist but of one link. This is the opi- 
nion which, he thinks, must put an end to 
our inquiries into the most sublime parts of 
philosophy. And lest it should be suspected 

that 

♦ Page 95. + Page 77* 
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that Sir Isaac's method of philosophizing has 
introduced immaterial poxvers and occult qua- 
lities, we are assured by this author, ^^ that 
** he does never affirm or insinuate that a 
*^ body can act upon another at a distance, 
*' but by the intervention of other bodies *." 
But his zeal hath carried him a little beyond 
the truth ; the thing he here denies, being 
much more than insinuated in these words: 
*^ Have not the small particles of bodies cer- 
** tain powers, virtues, or forces, by which 
** they act at a distance^ not only upon the 
* ^ rays of light — but also upon one another, 
' ^ for producing a great part of the phaeno- 
'^ mena of nature? for it is well known that 
* ' bodies act upon one another by the attrac- 
** tions of gravity," &c.t 

Attraction, as a power acting at a distance, 
is here left in full possession ; not a syllable 
being inserted, as I can find, concerning 
the intervention of other bodies. If this in- 
tervention were admitted, how would it agree 
with what Dr. Clarke has so frequently in- 
culcated throughout his notes on Rohault's 
physics : He sticks not to assert an impul- 
sus non utique corporeus, an.d an actio causae 
cujusdam immaterialis — per inierjectum ali^ 
I 3 quod 

* Page 109. + Opt, Q^Sl. 
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quod intercallumy &c. see p. 50, Besides, 
the sense of the whole passage would be over- 
thrown by Mr. Maclaurin's supposition ; for, 
if other bodies intervene, then attraction will 
not be a power acting at a distance^ but by 
^ communication of bodies that are in con- 
tact. The author (Sir Isaac Newton) does 
indeed inform us, a whilp after, that he uses 
this word to signify only in general any 
force* y Sec. But this does not alter the case; 
for, let it be a force in general, yet it hath this 
particularity in it, that it acts at a distance, 
which is the nature of an occult quality y and 
is the very thing that has all along been ob- 
jected to. And though Mr. Maclaurin hath 
taken great pains to get handsomely rid of 
this unintelligible power, yet is the existence 
of such a power absolutely necessary upon 
his own principlei?. Sir Isaac, he says, hath 
shewn, that there actually is a vacuum^ and 
that the parts of matter are actually divided 
and separated from each other : after which 
it would be strange, indeed, if they w^ere to 
act otherwise than in this state of division 
and separation, that is, at a distance. When 
he supposes other matter to intervene,' till 
thq action will consist with mechanism, he 

apologizes 
, f Opt, Q, 31^ 
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apologizes for a vacuum^ at the expence of 
the principle itself; which, by thi^s means, 
is turned into a plenum, whether the author 
was aware of it or not. 

How unseasonably, therefore, was it ob- 
served by Mr. Maclaurin, that ^^ possibly 
** some unskilful men may have fancied, that 
^* bodies might attract each other by some 
*^ charm or unknown "oirtuey without being 
*^ impelled or acted upon by other bodies *;" 
for, if this was not a fancy of Sir Isaac New- 
ton himself, in common with some of the 
most skilful of his followers, the plainest 
English can have no meaning. I know very 
well, his writings contain many passages 
which seem to have a contrary meaning ; and 
his disciples find such an advantage in this, 
that they have an answer ready upon all oc- 
casions. For example, if you suppose the 
world to be ruled by a subordination of ma- 
terial instruments, in opposition to Sir Isaac's 
vacuum, then you are told there is no medium 
more subtile than air ; that the heg^vens are 
void of all sensible matter ; and it is demon- 
strated against you geometrically , that at- 
traction cannot arise from the action of any 
maUrial substance whatsoever. If you should 

I 4 lay 
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lay hold of this, and object to attraction aa 
a principle occult and unphilosophical^ .then 
it is only the fancy of some unskilful men ; 
and Sir Isaac Newton has plainly signified^ 
that he thought that those powers arose from 
the impulses of a subtile cetherial medium that 
is diffused over the universe*. Thus you are 
confuted either way ; and your reasoning is 
represented as crafty^ disingenuous^ and ««- 
worthy of a philosopher f. 

By this artifice, Mr* Maclaurin would 
have quieted all our scruples ; but seems to 
have miscarried in the attempt, having been 
obliged to contradift his author in terminis; 
and, I may add, himself also ; as it hath 
been fully proved against him by Mr. Baxter, 
the author of an Appendix to an inquiry! into 
the nature of the human soul. 

There are two different modes of philoso-r 
phy before us, both of which have Sir Isaac 
Newton at the head of them. Mr. MaC" 
laurin, by espousing them bdth^ fell upon 
various contradictions. Mr. B — is more cau- 
tious ; and hath written with some warmth 
on one side, against Mr. Maclaurin who is 
on both sides. Where the latter hath really 
Jaid himself open, he makes good use of 

the 
t Afuflaum's Phil, Difc. p. 1 1 K t Sec p, UO, 
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the opportunity ; without considering where, 
and upon whorriy his censures will at last be 
fixed*. He is clearly of opinion, that the 
material causes, occasionally introduced by 
his adversary, are utterly inconsistent with 
what is established in the Principia ; and is 
therefore a declared enemy to all subtile 
mattery even to that aether of Sir Isaac, .for 
which Mr. Maclaurin hath pleaded as hand- 
somely as the nature of the thing would 
admit. ^ ' Men of leisure (he says) have 
*' amused the M'-orld with wrangling and 
*' contest — by a succession of subtile mat- 
^^ ters from the earliest times. — But it re- 
^* quires only plain sense, and a love of truth, 
^ * to see through the impositio?i \. It is in- 
*^ jurious," he thinks, '^ to that great man's 
* ' reputation, to bring in his authority for 
*^ a thing which he asks only by way of a 
^' query ^ as if he had been positive;" and 
that it is ^^an ill office done to his memory." 
But this is a reflection, which, in my humble 
opinion, his adversary did not deserve : and 
it should be considered in his vindication, 
that though a query may shew Sir Isaac not 
to have been positive about the manner in 
which his medium acts ; most certainly it 

doth 
♦ See Apicttd. the note at p. 113. + P. 66. 
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doth also shew, he was not positive that no 
such thing existed ; especially as he hath 
mentioned an experiment to prove the ex- 
istence of a subtile matter which has never 
yet been answered*. By what authority 
then is this writer so positive? and what 
will be the consequence of it, when it rij- 
fjuires only plain sense, and a love of truths 
to see that he is disputing for one half of 
Sir Isaac Newton, against the other half? 
The authority of that great man is indeed 
like to be killed, not by the malice of his 
enemies, but by the kindness of his friends ; 
if some of them think an ill ojfice is done to 
his memory^ while others think they are 
oifering the only expedient vindication 
of It. 

This learned author presents us with the 
{attraction of cohesion, as an universal phas^ 
nomenon, that ought to silence the advocates 
for material causes in all cases f; and pro- 
mises to be silent, if all the philosophers upon 
^arth can account for it, otherwise than by 
the power of the Deity immediately interested, 
&;c. He judges it very unartful to suppose the 
Deity employing one part of matter to move 
or direct another part of it J, though we see 

it 

t See query 18t + P, §2, % P, 49, 
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it done every day of our lives.— And that 
no subtile matter can act as the cause of gra- 
vity^ unless it knows what it is doing*. 
These, and some other difficulties of the same 
size, he thinks to be so great that there is 
no subterfuge -f: though it might easily be 
shewn, there is not one case of any concern 
rightly stated throughout his whole book ; 
and that every article he has built upon is 
confuted by experience. These considera- 
tions, I presume, tempted Mr. Maclaurin to 
pass sentence upon his whole system in these 
words — '^ He has done this valuable service, 
^^ that while he vainly imagined he im- 
*' proved or completed it, he really opened 
*^ up the fallacy, and reduced it to an ab- 
^' surdity." 

I proposed it as a question, whether at- 
traction be a material force or an immaterial 
one ? and we have now consulted those 
writers who ought to have settled the point 
for us. If Sir Isaac hath really established 
any thing on either side, in regard to phy- 
sical causes, it is astonishing his followers 
have not fixed upon it, and recommended 
it to the public with one consent ; especially 
}f there be any thing of importance depend- 
ing 

t Page 117. + liidf 
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ing upon it. But if, on the other hand, the 
sentiments of their master have given occa- 
sion to these disputes, and his writings have 
furnished them with arguments on both 
sides; then he himself is chargeable with 
some inconsistency ; and a general agree- 
ment among them, in such a case, would 
be as much tp be wondered at. That this 
latter is the true cause of all their disagree- 
ment, will be evident to any reader, who is 
not so far influenced by the current autho- 
rity, as to be deterred from making use of 
his own reason. For if you learn from one 
page, that it is part of the business of a 
philosopher to unfold the mechanism of the 
world* ; and that an cetherial medium may 
suffice to impel bodies f; in another it is 
hinted to you, that the small particles of 
bodies may have certain powers by which 
they act at a distance — by attractions X- If 
you are informed in one place, that when 
the rays of light are reflected from the second 
surface of a glass laid upon an exhausted 
receiver J this total refection ought to proceed 
from- the vigour and density of the medium 
beyond the glass § : only observe where the 
same experiment is mentioned in another 

place, 

♦ Opt. 3d edit, p. 344. + Q. 21. j: Q. 31. ^ Q^ ip, ' 
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place, and you will find, the light is novr 
drawn back, and that by the power of the 
glasSy there being nothing else to turn it 
back * ; though a while ago there was a 
mediu7n to perform this, endued with vigour 
and density. It is suggested, that this medium 
may act upon light so as to reflect and re- 
fract itf ; and that the light in its turn may 
re-act upon the medium so as to stir up vi- 
brations in it: but soon after, it becomes 
** inconceivable how two sethers can be 
** diffused through all space, one of which 
** acts upon the other, and by consequence 
'• is re- acted upon, without retarding, shat- 
** tering, dispersing, and confounding one 
** another's motions:};."; 

I could multiply instances of this sort, 
wherein the celebrated author has pulled 
down with one hand, what he had built up 
with the other : but if men will dare to use 
their own reason, as I said before, they may 
easily observe these things for themselves. 

If we go from Sir Isaac to his followers, 
there the confusion will be still more mani- , 
fest. Drs. Clarke, Derham, Keil, Friend, De- 
saguliers, Mr. Cotes, Mr. Rowning, &c. in- 
struct 
♦Q;^??. +0^18.20. t Page 339. 



126 Attraction and Graotty 

struct us, that matter has powers, forces, 
principles^ affections, properties, impressed 
upon it, superadded to it, or inherent in it ; 
and that God, when he created the world, 
inspirited the materials of it with an active 
quality. This was the original doctrine of 
the mathematic philosophy, and the sense 
in which it was first embraced by the learned. 
As it gave birth to many ill-favoured re- 
flections, it is now almost out of fashion ; 
and Mr. Maclaurin rises up to vindicate Sir 
Isaac, by a substitution of his subtile (ether, 
as the mechanical and immediate cause of 
all that had been falsely imputed to attraction 
by unskilful men. This stirs up the indig- 
nation of another ; who, out of the highest 
regard to the memory of Sir Isaac, pulls this 
vindication of him all to pieces, represents it 
as worse than none at all, rejects all subtile 
matter in the lump, and recommends the 
immediate ijifluence of the Deity, as the grand 
discovery, and the only cure for all dis- 
putes. But, for his pains, he is instructed, 
in his, turn, that his own labours have only 
served to open up the fallacy of his scheme, 
and reduce the whole to^an absurdity. There 
have been heavy complaints, that the philo- 
sophy 
4 
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«ophy of Sir Isaac hath been depreciated^ and 
even ridiculed*. And is it not enough to 
discompose the muscles of an hermit, to see 
men thus notoriously contradicting one ano- 
ther, and all gravely pretending to authority 
and demonstration ! They tell us, there has 
•been a great discovery of late years in natural 
philosophy ; it having been found at length, 
after the world had been in ignorance for 
many ages, that all matter is endued with 
attraction. If you ask them v/hat they meaa 
by it ; it is — an innate virtue or affection of 
matter ; while others affirm, matter can have 
no such affections. It is the most simple of 
causeSy and an effect^ the cause of which 
is unknown ; it is owing to the agency of a 
subtile medium; and it is effected by the iwi- 
mediate influence of the T>eity : and if you 
do not believe this principle, and make use 
of it to explain every thing, you are out of 
the fashion, and what you have to say will 
be very coldly regarded. 

As we cannot possibly believe all these 
opinions, we are not bound to believe any 
one of them upon the bare authority of Sir 
Isaac Newton, If we are to receive one of 

his 
* Phibs. Difcov. p. 1 \0, 
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his opinions in this way, why not ano* 
ther ? the authority which is broken 
through in one article, will at least be ques- 
tioned in every other. If it be said, we 
have reason to prefer some of his sentiments 
to others ; then we are influenced, not by 
authority, but by reason or evidence ; and 
hitherto I would willingly bring this matter. 
Reason and evidence must determine us at 
last, though the fame of Sir Isaac Newton 
were as universal now as that of Aristotle 
was formerly. His warmest friends take 
this liberty with him. Mr. Maclaurin re- 
jects his immaterial powers acting at a 
distance ; Mr. Baxter makes as free with 
his medium, yet is greatly displeased with 
his adversary for lessening Sir Isaac's au- 
thority. But they treat the public with 
some disingenuity, if they would over- 
bear the judgment of others by that autho- 
rity, which, as it appears from their own 
practice, hath had so little influence upon 
themselves. They choose their own senti- 
ments, as inclination or passion directs ; and 
then desire us quietly to rest upon the au- 
thority of Sir Isaac; though one of these 
has robbed him of his attraction^ the other 

of 
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of his medium ; and thus, between them 
both) they have left us nothitig to follow. 
'- If the learned wete but once persuaded^ 
that God doth govern the natural world by 
a delegation of material instruments, which 
seems to have but one of the opinions of Sir 
Isaac, at least it was an opinion held by 
Mr. Maclaurin in his name ; and could be 
brought to see any errors in the doctrine 
of resistance ; something, 1 am convinced, 
might yet be done, either in this or the suc- 
ceeding age, to render natural knowledge 
more serviceable to the people of all classes 
than it is at present; chiefly because the 
inquirers of these times would no longer 
have their hands tied up by an imaginary 
infallibility in those who have gone before 
them } the admitting of which has always 
been attended with fatal effects : they might 
then reject such principles as are manifestly 
false,- and put a stop to their inquiries, and 
take advantage of the rest in common. 

It is still believed^ however, by very many^ 
either that matter, though inert, is endued 
with active qualities ; or that the influence 
of the Deity is immediate in the production 
of all natural effects. By the former of 
these positions, we allow to dead matter a 

VOL. VIII* K power 
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power that is denied even to God himself ♦ j 
hy the latter of them, we are dii*ected to 
read nature backward ; to begin where we 
ought to have ended ; and, in support of such 
procedure, are obliged to annihilate the far 
greater half of the creation. I shall ther& 
fore go on to examine, how far these posi- 
tions are supported by mathematical evi- 
dence. 



CHAP. IV. 



The Attraction of Gravity, understood as an 
universal Property or Quality in the Parts 
of Matter^ hath received no Proof from 
Geometry. 

WE have been assured from every quai*- 
ter, that the modern doctrine of 
physical causes has all the evidence that can 
be desired from experiment, and is abun- 
dantly confirmed by the most strict mathe- 
matical reasoning. That this doctrine was 

deduced 

* Omniprassens est non per *vtrtutem folam, sed etiam per 
substantlam : nam virtus sine substantia sabHStese non potest. 
Newt^ Pr'tndf. schoL gen. 
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dedaced ^tialytically from obscrvatidn ; then 
applied synthetically to the explication of 
the various phenomena : and its impregna- 
bility in these respects has been boasted of, 
1 will not say insolently, but confidently 
enough, I am sure, by all its admirers, great 
and small, from the leiarned, who think it 
rests on thie firm basis of geometry itself, 
dowii to our mere English mathematicians, 
who declare it as their opinion, that *^ never 
^' a philosopher before Newton ever took the 
*^ method that he did — that it is a mere joke 
^^ to talk of a new philosophy-^and that in 
** these unhappy days of ignorance and avarice^ 
*^ Minerva has given place to Pluto,^^ meaning 
** Plutus*. 

These pretensions, whether of the learned 
or unlearned, deserve a serious examination. 
Experiment is nothing less than matter of 
fact, which, if not misrepresented, is the 
best sort of argument in the world : and a 
mathematical conclusion, if deduced from 
real data, is not easily overthrown. Some- 
thing ha3 already been said of mathematical 
K 2 evidence, 

♦ See the Preface to Emerson's Treatise on Mechanics » 
The book is very ingenious and useful in its way, and the 
Author appears to understand his subject j but when he de* 
cides tfacrs magisterially upon philosophy in general, it ii 
tutor ultra ctep'tdanl. 
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evidence, in the former part of this Treatise ; 
therefore I have the less to say of it in this 
place. And, indeed, very little need be said, 
if the theory of resistance be a fallacy, as I 
have fully proved it to be ; for that is the 
thing generally aimed at by those who 
speak of mathematical demonstrations. It 
may, nevertheless, be useful to remark, that 
no physical principles whatever can possibly 
be collected from geometry. Every parti- 
cular science hath principles peculiar to it- 
self, and independent of every other. No 
example can be given of the contrary within 
the whole circle of the sciences. How ab- 
surd would it appear, if we were told of the 
musical principles of physic, the medicinal 
principles of the civil law, the gt-animatical 
principles of astronomy, &c. And mathe- 
matical principles of natural philosophy, if 
physical causes are supposed to be included, 
will be equally unnatural ; as the most skil- 
ful matheihaticians have been ready enough 
to confess. *' Geometry," says Mr. Mac- 
laurin, '^ can be of little use in natural phi- 
** losophy, till data are collected to build 
''upon*." These data, I presume, are to 
be obtained from natural philosophy, as a 
science circumscribed within its own proper 

bounds* 

♦ Page 86- 
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bounds. A method of investigation, strictly 
physical, should first be submitted to ; and 
thcv result of that be examined and settled, 
prior to all that can be done in geometry ; the 
application of which may be of excellent use 
to illustrate and adapt to particular cases what 
hath gone before, but will add neither de- 
monstration nor confirmation to it. For a 
geometrician can work with imaginary or 
hypothetical forces as well as with real ones ; 
the operation will go on as smoothly, and 
the conclusion come out as readily in one 
case as in the other. No man seems to have 
been better persuaded of this, than Sir Isaac 
Newton himself His followers, indeed, will 
assure us, he has undeniably proved one 
species of attraction to be diffused through 
the whole planetary system *. But the autjior 
himself knew better. He declares more than 
once, that the principles laid down by him 
in his demonstrative work, were not physi- 
cal, but purely mathematical f , as the title 
implies : and with regard to gravity or at- 
traction in.particular, he is so far from pre-? 
tending to have demonstrated the existei^ce 
of any real physical cause under that term, 

K 3 that 

• Frtend. Chym. Lect. p, 180. + Page 866, 
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that l^iB definition of it is so Ippse as to 
leave us quite at liberty about it. We Qiaj 
tgke it a& a drawing, an, impulsei c^ a ten- 
dency of any kind toward a centre. When 
he considered it physically, he thought a 
medium might suffice to impel bodies, and 
answer all the purposes of that attraction, 
which, as it stands in his Principia, is a cause, 
barely hypothetical. Should it be imagined^ 
that attraction, as a cause, power, or prnn. 
ciple, had been established by demonstca* 
tion, the author will be set in a very disad- 
vantageous light, who could first demonstrate 
attraction, and then inquire about it. 

But there is one circumstance that wiH 
put this whole affair out of doubt. It is well 
known, that the attraction supposed in the 
Principia, is mutual between all bodies what- 
soever. If the earth attracts the moon, ih^t 
moon in its turn attracts the earth ; if the 
sun attracts the planets, the planets also at- 
tract the sun; and this attraction always, 
follows the proportion of the quantities of 
matter in the attracting bodies. As a neces- 
sary consequence of this, the sun will be 
perpetually shifting its place, and be moved 
sometimes to this side qf the common centre 

of 
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of gravity, sometimes to that, as he happens 
to be influenced by a different situation of 
the planets *. 

Now, I beg leave to compare this with 
what is said of an aetherial medium in the 
Treatise of Optics. This medium is supposed 
to be rarest at the body of the sun, but to 
increase in density through all the distances 
from the Sun to Saturn, and beyond ; and 
that it may suffice to impel bodies from the 
denser parts of the medium toward the rarer, 
with all that power which we call gravity f . 
All this is very just : the pressure of such a 
medium will undoubtedly be greatest on that 
side of the planets which is turned /row the 
sun ; and all bodies will naturally be carried 
to that side where the pressure is weakest, 
that is, toward the sun. But what is become 
of the sun's mutual gravity in such a case ? 
for, if he gravitates toward the planets, we 
muit contradict this mechanical rule, and 
say, bodies will be impelled from the rarer 
parts of the medium toward the denser, 
without which, the sun, being already in 
the rarest part, must for ever be at rest. Sir 
K 4 Isaac 

• Sol, pro vario planetarum situ, in omncs partes move- 
bitur. Princif. p. 374, 
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Isaac either did see this consequence, or he 
did not. That he did not see the plainest 
consequences of his own reasoning, few will 
be ready to admit : if he did, he gave up mu- 
tual gravity to all intents and purposes ; but 
this he never could have done, had he 
thought it to have been mathematically de* 
monstrated. 

I hope I shall not be misunderstood in 
this aflFair. It appears to me, that gravity 
is no property of matter, because it is not 
universal; and I have compared some pas- 
sages, to shew it was not universal in the 
opinion of Sir Isaac himself, provided only 
he saw the consequence of his own reasoning, 
which will hardly be disputed. But while I 
am persuaded that the sun neither does, nor 
can possibly, gravitate toward the planets, 
, for the very reason given by Sir Isaac New-? 
ton, I am far from denying that the planets 
tend toward the sun, and toward each other : 
it is highly reasonable, with some proper re- 
strictions, they should do so; and expe- 
rience, I believe, will convince any astro- 
nomer of the fact. As the world stands in- 
debted to the genius of that great geomc- 
t:riciaii for this discovery, let the learned ob- 
tain from it what light they can in ascertain-* 
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ing the phaenomena, and let him him have 
all the honour of it. But never let it be a 
pretence for saddling us with occult powers 
in solid matters ; if his followers make that 
use of it, they will gain no credit to their 
master in the end ; and hitherto they have 
gained but little to themselves by it, as it 
must have appeared from what hath been 
said : in all which, I hope there hath been 
on my part no mixture of envy or prejudice, 
unless matters of fact, and plain argumenta-* 
tion, are so to be interpreted. 

We are to conclude, then, that the attrac- 
tion of gravity, understood as an universal 
property of matter, is void of all geometrical 
evidence. If Sir Isaac Newton hath left, 
this affair undecided, no other geometrician, 
of this age or the next, is like to supply his 
defects ; and yet every smatterer almost in 
natural philosophy is persuaded he can make 
it out against all opposition. The ground 
and reason of which mistake I apprehend to 
be this : that many of our geometricians, 
ambitious of dictating to us about the causes 
and first springs of nature, while their art 
can reach only to the measure of some of its 
^ectSf h^ve not been careful to distinguish 
how far a mathematical conclusion will ex* 

tend, 
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tend, and how far not. Hypothetical fo^cc*, 
or real ones, as it was observed above, will 
equally afford matter for an astronomer to 
work upon *. For example, if the moon, as 
she moves in her orbit, is imagined to be in- 
fluenced by forces acting in lines which tend 
toward the centres of the earth and sun, then 
the different inclinations of her orbit to the 
ecliptic, the irregular motion of her nodes^ 
her retardation about the quadratures, her 
acceleration about the conjunctions, &c. may 
follow by the rules of geometry. Upon these 
principles, Sir Isaac Newton is universally 
allowed to have accounted for the lunar irre- 
gularities with great sagacity; and, as an 
astronomer, to have left tha;t matter in a 
much better state than he found it, though 
it is not yet perfected. But what these forces 
are in special, and in what manner they act ; 
whether as an active immaterial virtue, ex- 
erted through a void space, J^rom the centres 
of the earth and sun, or as a pressure of some 
etherial medium acting in lines toward tho^Q 
centres, none of his reasonings have deter- 
mined 

• Neque necesse putant, ut hypotheses istae verae sint, 
imo ne verisimiles quidem, sed sufficit hoc unum, ut calcu* 
Ittm observationibus congruentcm exhibeant. Homer, Op* 
Post. 179. 
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mined for us. So far from it, that we find 
lais Principia inclining to one side, and his 
Physical Queries to the other. And I may 
appeal to the judgment of any ingenuous 
man, sufficiently versed in mathematical 
studies, whether the pheenomena above men- 
tioned may not arise from a pressure behind^ 
as well as from an attraction before; and 
whether Sir Isaac's geometrical reasoning 
will not be as conclusive in the one case as 
in the other ? How comes it then to have 
been published to the world, that ^* one spe- 
*^ cies of attraction hath been undeniably 
* * proved to be diffused through the whole 
*' planetary system?" This having been na 
more proved by any of his arguments, than 
that one species of impulse or pressure is difi 
fused through the whole planetary system; 
and for the truth of this, I may refer to the 
definition^ where the terms attraction and 
impulse are taken indifferently, and are to 
be so taken throughout the whole book> 
otherwise this can ansjver no purpose as a 
d^nition- That some force prevails, and in 
such particular directions, is capable of de- 
monstration ; but the reasoning and obser- 
vation, which only prove the existence of 
some force in generaJ, will never demonstrate 

that 
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that of attraction to be the force in parti- 
cular : so that nothing farther need be said 
in this way. Let us now go pn to experi- 



ment. 



CHAP. V. 



The Attraction of Gravity , understood as an 
universal Property or Quality in the Parts 
of Matter^ is not agreeably to Experiment 
and Observation, 

NO experience has hitherto shewn us, 
that what is called the attractive force 
of the sun and planets, is answerable to their 
quantities of solid matter. Their bulk, as 
computed from their respective distances and 
apparent diameters, is far from yielding a pro- 
portion of gravity so uniform as might have 
been expected. Gravity toward the earth 
proves to be much greater, in proportion to 
the bulk of the earth, than gravity toward the 
sun, or any of the primary planets. This 
seems to be a great difficulty in the hypo* 
thesis of gravity. But how easily is it recon- 
ciled, if we are allowed to alter the density 

of 
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of the heavenly bodies, and by this means 
bring their quantities of matter to an agree- 
ment with the hypothesis ! The^at of a fa- 
vourite philosopher can so reduce the den- 
sity of the solid matter in the body of the 
sun, ' that the density of the earth shall be 
four times greater, and then the attractive 
power of the sun shall exactly answer to his 
quantity of solid matter; and the same li- 
berty must be taken with the other great bo- 
dies of the solar system. Their density must 
be accommodated to their attractive powers : 
then, if their attractive powers be taken for 
granted, their densities will pass for a dis^ 
covert/. Thus great men amuse themselves 
and the world by arguing in a circle, or 
proving the truth of a proposition by the 
conclusions they have drawn from it: for, 
unless you admit of this density, which, ar- 
bitrarily, and without any observations to 
support it, is accommodated to the hypo- 
thesis of gravity ; that hypothesis will labour 
.under a disagreement with observation* 

That there may be some shew of expe- 
rience, however, in all this, it is intimated, 
that the sun must needs be rarer than the 
earth, because of the immense heat of his 

body. 



14S Attraction and Grmity 

body *. But the plJbet Jupiter, whose body 
must be exceedingly colder than that of the 
earth, appears from his attractive power upon 
his satellites f to be much rarer than the ftun, 
and Saturn rarer still, which circumstances 
are very unpromising; and if gravity be ad- 
mitted here as the sole agent, we are con- 
ducted to a sort of philosophy that blows 
hot and cold against all reason and experi- 
ment. Descartes was of opinion, that the 
density of the planets must naturally increase 
as they are more remote from the sun ; and 
surely this is more reasonable than the con- 
trary : it being an observation, to the best 
of our knowledge, universally true, that bo- 
dies are rarefied by heat, and condensed by 
cold, the seeming rarefaction of ice not ex- 
cepted. 

That the gravity of bodies is, in all case!(| 
as their quantities of solid matter, is rendered 

very 

• Nam per ingentem suum calorem sol rarcscit. Prlncip, 
p. S72; 

f The method Sir Isaac made use of to inrestigate this 
mathematically, is laid down, in a manner as easy as the 
thing is capable of, by Dr. John Clarke, in his Demomtra- 
t'ldn of Sir Isaac Ne^wton's Principles of Philosophyy 8vo< 
p. 301, &c. Consult also Mr. Maclaurin's Account, &c. 
p» 288, See. I 
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very doubtful, if not absolutely false, by 
some chemical experiments, and has been 
doubted of by persons of no ordinary skill in 
geometry and natural philosophy. Mr. Mac- 
l^urin, among the rest, thinks we can af- 
firm this, only when we compare bodies of 
of the same kind*. 

Romberg's experiment on the regulus of 
antimony, and the success of it, is a thing 
generally known. He exposed some of this 
matter to be calcined by the great burning 
glass of the Duke of Orleans, and found it 
had gained in the operation one-tenth part 
in weight. Homberg made this experiment, 
and some others like to it, with the expect- 
ation of being able in due time to produce 
gold. But truth is of much greater value, 
and if we can produce any of that from it, 
let us leave all the gold to the adepts. Some 
relate the experiment thus : If a mass of regu- 
lus of antimony, of a pound weight, be pulve- 
rised, and calcined at the focus of a burning 
glass of a Paris foot in diameter, the weight of 
the mass will be increased by one- tenth ; 

though, 

* This agrees exactly with a definition given by Plato-^ 

ro ex mXsiovujy THN ATTXIN {rvvsaros* Arista de Coelo. 
Lib, 4. c, 2. • 
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though, during the whole time of the opferatio]}« 
which lasts about an hour, the regulus sencb 
up a thick smoke, and thereby loses a con- 
siderable part of its own proper substance^ 

There are^ I think, but two possible ways 
of accounting for this effect. 1 . If the quan- 
tity of matter be the same after calcination, 
or something less (the smoke being allowed 
for) than it was before, while the gravity of 
the whole is become greater, then the gra- 
vity does not follow the quantity, and con- 
sequently it is no property of the matter 
S. If there be an increase of the mass, it. can 
be imputed to nothing but the matter of 
light or fire entangled in its passage through 
the substance, and so fixed in its pores, or 
combined with its solid parts, as to gravitate 
together with it. On this latter supposition^ 
the matter or fire must have a density, which 
will introduce great confusion into the doc- 
trine of a vacuum. But, to come still nearer 
to the purpose, it will also be said, that if 
this fire did not gravitate till it was fixed in 
the metal, (and it will be hard to prove that 
it did,) then we have a fluid which gravitates 
in some cases and not in others : so that th^ 
same conclusion offers itself, which way so- 
ever the experiment is interpreted. It will 

U 
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be vain to suppose that any heterogeneous 
matter floating in the air, or that the air it- 
self, is hurried into the mass by the action 
of the fire, and the weight increased by this 
means. For it is known experiinentally, that, > 
if a quantity of metal be even hermetically 
secured within a vessel of glass to keep off 
the air and all foreign matter, ^nd the vessel 
be placed for some time in a strong fire, it 
will exhibit the same effect. I have seen the 
operation performed on two ounces of pew- 
ter-filings, hermetically sealed up in a Flo- 
rence-flask, which in two hours gained 55 
grains, that is, nearly rVth * : had it remain- 
ed longer in the fire, it might possibly have 
gained something more. The calx of lead, 
commonly known by the name of red-lead, is 
reckoned to gain one-tenth; at which rate, 
lOlb. of fire will be fixed in lOOlb. of lead. If 
this trial were made in ten thousand different 
places of the world at once, and repeated an 
hundred times in ayear, no reason can be given 
why it should not succeed. . But the quan- 
VOL. VIII. L tity 

♦ In one experiment of Mr. Boyle on copper-filings, the 
increase by fire was ^Yzy* ^^^^ '^f soiriething better than one 
tenth. In another, an ounce of tin calcined gained a drachm, 
diat is, I ; and steel filings more than ^th. See his expe» 
f'tments to make fire and flume p^ndei'able. 
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tity of fire thus imbibed, alio ^^ing the pro-' 
portion above mentioned, would amount to 
10,000,0001b. -which, according to the mo- 
dem law of gravity, is more than ought to 
replenish the whole orbit of Saturn. Yet, I 
presume, the heavens and the earth would 
be as plentifully stored, to all intents and 
purposes, with this element as they were be- 
fore : fires would burn, the sun would shine, 
and electrical experiments succeed in all 
places just as they do now. 

As a sequel to what has here been observed 
concerning the impregnation of solid sub- 
stances with the particles of fire, and parti- 
cularly that of minium or red-lead, give me 
leave to subjoin an experiment of Mr. De 
Stair, Vhich I borrow from the excellent 
Niewentyt. He tells us, that upon heating 
red-lead in a glass, (from whence the air was 
exhausted,) by the rays of the sun collected 
in a burning glass, the vessel, in which the 
said red lead was contained, burst in pieces 
with a great noise *. Now, as all explosions 
in general must be ascribed either to an ad- 
mission of the air into a rarefied space, or to 
what is called a goieration of it, and as it 
was npt admitted upon this occasion, it must 

have 
• Page 314. 
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Have been generated from the calx within 
the vessel; and certainly was so, because 
t)r. Hales has made it appear, that this sub- 
stance, like crude tartar and many others, 
will yield a considerable quantity of air in 
distrliation *. What went into the metal 
therefore Bsjire, comes out of it again as air ; 
^hich m a manner forces us upon a conclu- 
sion of inestimable value in natural philo- 
sophy, and such as may carfy us Very far 
into what Mr. Macla\irin htfs termed, with 
great judgment, the most sublime part of it. 
The ingenious experiments of t)r. Hales seem 
to have given him a sight of it. as I conjec- 
ture, from his having mentioned, on this pc- 
Casiori, the aerial particles of fire \. The 
fbrcc of all the fulminating powders, the 
violent ebullition of some mixtures, the sud- 
den ascension of others, the inflammability 
of oits and other combustible matters, to- 
gether with the taste, strength and fermen- 
tation of liquors, the operation of men- 
struums, &c. do all suggest the same thing ; 
and might, with great appearance of reason, 
be deduced from one and the same prin- 
ciple, if this were a proper place for enlar- 
ging upon it. 

L 2 I had 

♦ Vcg. Stat, p'. 3f97- + Ibid. p. «8S^ 
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I had a design of Wnging in here ano- 
ther series of experiments, to shew that the 
gravity of bodies, where those bodies are of 
different kinds, is not in the direct ratio of 
their actual quantities of matter. But these 
are so very critical as to require perhaps 
a knowledge of the intimate constitution of 
bodies to judge of them properly : and my 
conclusion, supposing it to be true, would 
not be very obvious. It is therefore better 
wholly to omit them; for why should we 
lay a stress upon any thing not sufficiently 
clear and plain, when there is ievidence ready 
at hand, the force of which may be appre- 
hended by readers of all classes ? It is wisely 
ordered by the Divine Providence, that what 
is most necessary to be known of nature, is 
generally the most easy to be understood.: 
and if I assert that ** gravity is no universal 
^* quality of matter, because all matter does 
*^ not gravitate," I may have recourse to a 
phaenomenon of equal extent with the crea- 
tion itself; and which,, without an hy- 
perbole, is .as clear as the sun at noon-day. 

Gravity, it has been said*, is the '' qua- 
^^ lity of all bodies on M^hich any experi- 
** ments have been made ;" and that as 

bodies 

• Princip. Lib, 3. Prop. 6. Cor» 2. 
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bodies near the earth gravitate toward the 
earth, so all ** bodies in the heavens vgra- 
" vitate toward the sun*." But if we be- 
lieve this, there is an end of 9.II experience : 
for, supposing this to be true, not one atom 
of light could ever come to us from the 
body of the sun. Who would undertake 
to prove, that the air of our atmosphere did 
gravitate toward the earth, if it were in- 
cessantly flying off from it toward the moon 
and the other planets? This is the case with 
the atmosphere of the sun. A flood of 
matter is sent off every' moment with im- 
mense rapidity, from his orb, in a direction 
opposite to that of gravitating bodies ; and 
in so large a quantity, that no space, how- 
ever small, could be assumed within the 
whole solar system, where the point of a 
needle could be opposed to the sun, without 
stopping some thousands or millions of the 
particles thus sent from him. So long as the 
sun shines, a man must do violence to his 
own senses, if he can believe a centripetal 
tendency to be the quality of all matter; 
Vhen the matter void of that quality, is in 
all appearance as far superior in quantity to 
the matter ^possessed of it, as the whole 

L 3 globe 

• Prihcip. US', p. 469, 
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globe of the e^^rth to aii ordinvy mouuti^ML 
But bjs the quantity gre^t or fkmzX\ if ihip 
isglar light Is only allowed to be ft material 
fiubst^'Uce, the coHclusion will hold good. 

This grand objection tcJ the gravitaria^ 
hypothesis has uever been stated, or directly 
feplied to, in the philosophical worka of 
Sir Isaac Newton ; and is generally passed 
over in silence by all his proselytes j though 
there is nothing more worthy of admiration^ 
nor more beneficial to mankind, in th^ 
whole oeconomy of created things, than the 
iponstant emission of light from the jsun. 

Thefe are indeed two arguments, if ^hey 
cjan be called such, by which our attention 
seems to be tacitly called off from this dif*- 
ficulty. They are certainly of n6 great iip- 
portance in themselves; but by passing 
through the pen of Sir Isaac Newton, they 
are rendered too considerable to be neglected. 
The first is a position borrowed from Aristotle 
and Descartes, that *^ matter differs from 
** matter only in form, retaining all other 
*' properties in common*." But this can- 
not be admitted 'without some proof; be*- 
eause it is the very point in question. That 
gravity is one of those properties which are 

retained 
* Page a6«^ 
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retained in Gdmmon, though the form of the 
matter be different, is an article which has 
never yet been proved, and I humbly think 
never will be; the propagation of light from 
the sun being a positive instance to the con- 
trary. It would be weak to oppose an un- 
sup^rted assertion, a mere logical subtilty, 
t(^ so plain and important a matter of fact, 
the conclusion from which is so visible 
that nothing but art or prejudice can avoid 
it: it depend^ notc^n wordSy but on the vi- 
sible constitution of things, and offers itself 
to the common observation of all men in 
the great outlines of nature. 

Another method of evading this difficulty, 
is, to represent the element of fire, or mat- 
ter of light, as a mere nothing; a substance 
which may occupy a space in so singular a 
manner as to leave it empty * : and it seems 
to be questioned, whether a reader will re- 
collect that there is such a fluid as that of 
light in the solar system f. Where we might 
have hoped to receive from so masterly an 
hand sgme instruction concerning the nature 
and uses of this wonderful fluid, we are 

L 4 amused 

* Empty celestial spaces% Opt. Q;^21. 
+ Si FORTE vapores longd tcnuissimos, & trajectQ 
LUC IS radios cxcipias. P. 328, Princ, 
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amused with a long account of transmuta* 
tions, unnatural and romantic, founded on 
an experiment of Mr. Boyle, in which he 
thought he had obtained fixed earth from 
water. But Boerhaave * carefully examined 
this, and found it to be a mistake. Hence 
however Sir Isaac inferred, that as water is 
turned into earth, so gross bodies are turned 
into light, and light into bodiesf: though, 
by a principle adopted on another occasion, 
all this is rendered very improbable, if not 
altogether impossible. He is of opinion, 
that the primitive particles of bodies will 
*^ compose bodies of one and the same na- 
^- ture and texture in all ages if ;" with which 
all transmutations whatsoever are inconsist- 
ent. In short, the matter of light seems to 
have been but a troublesome guest in the 
Tuathematic philosophy, though the author 
of it was indebted to it for the best and moat 
durable part of his reputation. And long 
jnay it last ! it i? no interest of mine to 

wish 

* See Shaw's edition of ^oerhaa've's Chemistry, vol. I, 
p. 471. 

+ Mr, Boyle has an hydrostatical experiment to prove, 
that, when the weight of any metal is increased by fire^ the 
^re is not turned into meta(^ 
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wish that the fickleness and inconstancy of 
mankind may ever deprive him of it. He 
asks, '^ Is not fire a body heated so hot as 
^* to emit light copiously ? for what else is a 
*' red-hot iron than fire*?" Let us answer 
this, by putting a like question concerning 
the element of water. ' ' Is not water a body 
^* wetted so much as to wet every thing else 
** copiously ? for what else is a wet sponge 
*^ than water?" In this latter example every 
person will allow the sponge to be a distinct 
body from the water, containing that ele- 
ment in its vacuities. Now fire is as truly 
an object of sense as water; and hath as 
many properties to distinguish it as a fluid. 
What can a red-hot iron be, therefore, but 
iron and Jire'\, that is, iron with the ele- 
ment of fire in it ? as boiling water is fire and 
water ; and may be demonstrated to be such, 
by including it in an exhausted receiver, as 
well as by some other methods ; though, I 
presume, the epithets red hot might accord 
better with the inclinations of Sir Isaac, 
than a noun substantive would have done. 

All 

* Qc9^ 

+ Mi^iv h" sivxi ATO yj xai 'mKemcvv SXIMATHN a;.c eiri 

rsTITPOS s^si xa< rstssinv^OLTirwiiifSyov 2IAHP0T, St^b^ 
Eel, Phjrs. lib. 1 . c. 20. 
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All these things being considered, I beg leave 
to propose it as a query of some importance^ 
whether Sir Isaac did not think it his interest 
.to get rid of this powerful element, or at 
least to reduce it so low in the esteem of 
iiis readers, that it should never be able to 
do his system any harm ? As for argument, 
there is little or none in the case : had there 
been any, his penetration would soon have 
seized upon it : tlierefore Boerhaave, Grave- 
sande, Niewentyt, and others, embraced a 
contrary opinion ; holding fire to be an ele- 
ment sui generisy and rejecting the whole 
doctrine above-mentioned, without bestow- 
ing upon it, to the best of my remembrance, 
any serious refutation ; though they all con- 
curred unanimously in admiring Sir Isaac as 
a most excellent geometrician^ And indeed 
it is not worth disputing about : for, to say 
nothing of chemistry, the experiments of 
electricity, how great soever the prejudices 
of the learned may be at present, will in 
due time get the better of ^uch unservice- 
able speculatipns. There have already been 
some laudable attempts in this way, though 
. they are but few ; and some of the gentle- 
men who have been engaged in this study, 
jseem to be te/ribly affrighted at the conse- 
4 quences 
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quences of their owu discoveries, treating 
the element of fire with as much caution as 
if they were touching it with their fingers^ 
The ingenious Mr. Watson, whose experi^ 
ments are very curious, inclines to the ele- 
mentary side. Dr. Hill, after the examples 
of Boerhaave, Horn berg, and the younger 
Lemery, does the same, in a learned work 
intitled — Thoughts concerning God and Na- 
ture. He has ventured to add some spirited 
reflections, in a way peculiar to himself, on 
the modern philosophy of fire; which, I 
suppose, the facts he is master of will suf- 
ciently justify. What he has said in his 
i^th book, from the beginning of the 3d to 
the end of the 7th chapter, deserves well to 
be considered : his hints, though very brief> 
contain in them more truth, in my humble 
opinion, than any essay published on the 
subject since the cultivation of electricity in 
j^ngland. Others there are, again, equally 
yespectable for their ingenuity and industry, 
whp are very unwilling to admit the agency 
of an intelligible fluid,' such as fire is. They 
will persuade us, it is improper to call the 
electrical fluid by that name ; it being not 
fire, but the subtile aether so frequently 

spoken 
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spoken of by Sir Isaac Newton*. The ne- 
gative part of their opinion they thus illus- 
trate as air cannot properly be called 

sound, so neither can this fluid be called 
fire. Air, they say, raises the idea of sound, 
and this fluid causes a body t6 shine, or be 
on fire : but as air cannot be callcji sound, 
merely because it raises the idea of sound ; 
so this fluid cannot be called fire, merely 
because it excites fire. Any reader who is 
possessed of a little logic, will immediately 
perceive this to be, not an argument, but a 
transposition of terms. For the parallel, in 
their way of drawing it, is really this :— as 
the air, that causes bodies to sound, is not 
sound, (it should have been, is not air;) 
so fire, the fluid that causes bodies to burn 
and shine, is not Jire : — the inconclusive- 
ness of which is sufficiently evident. Fire, 
with all its old properties, and some new 
ones, is the agent discoverable by sense in 
electrical experiments : this fluid, which ap- 
pears in all the experiments, they over-look ; 
and would solve them all by another fluid, 
which (like tht fifth element of Aristotle,) 

never 

* Observations on a series of electrical experiments. By 
Mr. Wilson and Dr. Hoadly, p, 69, 70, 
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never yet appeared, nor ever will in any 
one of them. Electricity may well be dark 
and difficult, if ingenious men refuse to be 
governed by their own eye-sight, because it 
would suggest, even to the meanest capa- 
city, some principles differing from the most 
eminent geometrician of their own country; 
who, being but a man, was liable to error 
like other men : if not, I am greatly to be 
blamed for what 1 have written, and for con- 
cluding, as I take the liberty to do, without 
any fear or reserve, because I could prove it 
by numberless experiments, that fire is the 
most powerful agent in nature; that the 
whole heavens, a& it is manifest to sense, 
are replenished with the substance of light; 
and, what is above all to be regarded, that it 
issues ftom the sun's orb in a direction con- 
trary to that of gravity : that therefore, Sir 
Isaac Newton's universal law is false by ex- 
perience. 

The same may be concluded from another 
consideration of much weight, and almost 
as plain as the foregoing. 

The materials of this terraqueous globe 
arc -generally agreed, both by the ancient 
and modern inquirers into nature, to have 
been once in a separate and disorderly state. 

The 
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Thejsacred writings' are known to have as- 
serted this very expressly ; and to have added 
withal an account of particulars, so far as it 
is needful for us to be acquainted with them. 
Between this account, and the heathen tra- 
ditions relating to the same affair, there is a 
surprising agreement; of which so many 
examples have already been collected by 
Grotius *, and with so much learning and 
judgment, that very little needs to be added 
to what he has said. Taking it then as 
granted that the parts of this earth did once 
subsist as a formless and incoherent ckaa^, a 
' * question will naturally arise, by what phy- 
sical means or agency, in subordination to 
the Divine Power, they were brought toge- 
ther, and put into the orderly form rn which 
we now find them ? Ovid says it was by a 
melior natura ; which is a phrase without a 
meaning, and answers no end but that of 
filling up his verse. Descartes supposes the 
world to have put itself into order, » by an 
imaginary motion of his vortices. And Sir 
Isaac Newton tells us, * ' the globe of the 
*' earth and sea affects a* round figuie by 
*' the mutual attraction of its parts by gra- 

♦•vityt." 

To 

♦ Grot, dc Verity L* u seqt. i6* + Opt. p. S70, 
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To know whether this last supposition has 
any truth in it, we must have recoutes to 
observation. If the parts whereof the seve- 
ral strata of the earth consist, and which 
appear to be no other than the sediments of 
water, did originally subside by the agency 
of gravity ; the strata should lie in the order 
qf their specific gravities ; and the extra- 
neous bodies buried in them should have the 
same specific gravity with the strata wherein 
they are found. 

All this, Dr. Woodward assures us, in 
agreeable to fact. * ' This subsidence happened 
** generally, and as near as possibly could 
** be expected in so great a confusion, ac* 
*^ cording to the laws of gravity ; that mat- 
** ter, body or bodies> which had the greate&t 
*' quantity or degree of gravity, subsidtng 
** first in order and falling lowest; tkat 
'* which had the next, or a still lesser de- 
**gree of gravity, subsiding next after, and 
so on *." — '' the lighter shells fell amongst 
the lighter matter, the heavier shells^ 
*' amongst the heavier f;" and in a word, 
all the materials of this earth are generally 
so diisposed as they ought to have been by 
the agency of gravity. All this is asserted 

with 
• Nat. Hist, of the Earth, p. 75. f Ihid. 
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with the greatest confidence ; and by a writer 
too, whom we must allow to have been well 
acquainted with the structure of the earth. 
But it is so contrary to observation, that 
every common labourer, who has assisted in 
the turning up of a stone-quarry, or the 
sinking of a coal-mine, must know it to be 
false- 

The bowels of the earth have. been pur- 
posely examined with this view, nearly to the 
depth of 200 feet ; and the lo^vest stratum 
hath been found lighter than the uppermost 
that lay immediately under the turf. A de- 
scription of the strata, found in a c6al-pit in 
Staffordshire^ was communicated to the 
Boyal Society by Sir Hans Sloane, and th^ 
specific gravity of the several specimens hav- 
ing been examined by Mr. Hauksbee, he 
made the following report — that ''the gra- 
^* vities of the several strata are in no man- 
*' ner of order, but purely casual, as if mixt 
by chance*." And as to fossile shells, bones 
of animals, mineral concretions, &c. they 
are deposited indifferently at all depths, and 
are to be met with in all kinds of matter. 
The echinitcSy a fossile body formed in a 

sheU 

♦ Phil. Transact. No, S36. p. 64 1, or Hauksbee's Ex^ 
feriffients, p. Si 7* 
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shell of the crustaceous kind, which is very 
light, is found in chalk, in clay *, and in 
stone. Cockleshells and fossile-plants are 
found ait the same depth ; and, not to mul- 
tiply instances, the pyritcdy a sort of metallic 
nodules, are generally found in chalk, t 
selected one of these bodies, of a spherical 
form, with some of its native chalk adhering 
to it ; and found its specific gravity to be to 
that of common water, as 4. 59 to 1 ; nearly 
the same with that of some grey lead ore, 
which I compared with it at a venture, and 
found to be as 4. 83 to 1. How a body of 
this weight could be deposited amongst chalk 
by any law of gravity, is to me inconceiv- 
able; and Dr. Woodward^s motive for so 
strangely misrepresenting this whole affair, 
would have been equally inconceivable, if he 
had written an hundred years ago ; but at 
the time his thoughts were employed on the 
natural history of the earthy gravity was 
coming into vogue as a new primum mobile; 
and there are few men, who, for the sake of 
truth, will run the hazard of having their 
literary productions, the fruit of much la- 
bour and study, neglected or evil-spoken of 
as soon a& they are published ; though, in 
VOL. VIII. M succeed- 

• Luid. Litolpbn CI. 6. Art. gf 6. 
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succeeding times, when the heat of fashion 
is a little abated, they will be respected the 
more for it. If Dr. Woodward's aim was 
such as I imagine it to have been, he cer- 
tainly failed of it in some degree. The in- 
troducing of gravity into his work might 
gain him many friends and some few pro- 
selytes; but it infused into others a very 
strong prejudice against him: for this ap- 
pears to have been the principal reason 
which moved Mr. Ray to reject his hypo- 
thesis of an universal dissolution. He sus- 
pected it to be an invention subservient to 
the new principle of gravity ; knowing that 
the phaenomenon, which - he would have 
solved by such a dissolution, was not gene- 
rally true, and that we have sufficient au- 
thorities to prove the contrary *. 

Though the nature of my subject hath 
obliged me here to make so free with Dr. 
Woodward in one article, I have no desire 
to lessen his real merit ; which is that of 
having treated the subject of the universal 
deluge in a manner far superior to all writers 
who had undertaken it before him. But in 
the article relating to gravity, to say the 
best we can of him, he was mistaken. 

Had 
♦ Ray's Three Discourses, p, 167* 4 th edit* 
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ttad the earth beeti put together In the 
ftianner he has supposed, by the attractioii 
of gravity, the natural order of things Would 
have been inverted, and the economy of 
the world throMoi into the utmost confilsiom 
AH the water of iht globe would have beeii 
uppermost : all the gold and other metals 
would have subsided to the central parts. 
And although the poet has fixed a stigma on 
his effodiuntur opes, yet had they been car- 
ried down to the centre, how many hands 
had been unemployed, and left to idleness 
or mischief, for want of necessary labour. 
What dhould we have done for instruments 
of irbft and brass ; I will not say for warlike 
and destructive purposes, but for necessary 
andmechahical uses ? To be short, the dis- 
position of things below the surface of the 
earth is so ordered, that mankind may reap 
the greatest benefit from it. And does it not 
plainly demonstrate, at the same time, that 
though bodies may fall to the earth by what 
we call gravity, this gravity is but a partial 
phenomenon, and was never employed afe a 
ruling principle in the conformation of this 
terraqueous globe ? If to the facts here col- 
lected we add the density of elementary 
fire as found by experiment, and the perpe- 

M 2 tual 
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tual ef&ux of light from the sun, the result 
of the whole is — gravity does not prevail as 
an universal principle, either in the heaven 
above, or in the earth beneath ; and conse- 
quently, a system of philosophy, which both 
supposes and requires it to be universal, hath 
mistaken the agency of nature, and is so fju: 
at least contradicted by experience* 



CHAP. VI. 



The Forces of Attraction and Projection^ com- 
monly called Central Forces, will not con- 
sist with the Motion of the Planets^ eoen 
upon the supposition of a Celestial Vacuum. 

I Have but one more observation to make 
in regard to gravity. I own it to be 
something in the nature of a digression, and 
as such I hope it will be excused. This 
principle then, compounded with a projectile 
force, will not account for the motion of 
the heavenly bodies, even allowing the 
spaces in which they move to be void of all 
resisting matter. We are under no obliga- 
.l^on to grafl.t this ; however, let us grant it 

for 
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for argument's sake, and see what will 
follow. 

A body acted upon by two different forces 
at the same time, will describe the diagonal 
of a parallelogram, whose sides are respec- 
tively equal to the two forces. Experiment 
shews this to be true ; the application of it is 
what I am here to treat of; and I shall en- 
deavour to be as short and as plain as I pos- 
sibly can. 

The celebrated author of the Principia, as 
it is universally known to all those who have 
but dipt into natural philosophy, supposes 
a planet to be acted upon by a projectile 
force giving it motion in a right line, 
which makes a tangent with its orbit. This 
force, once impressed, is always to continue 
by his^r^^ lazv of nature *, It is also acted 
upon at the same time by a centripetal force; 
which some observations upon the moon 
Tiave induced him to believe is the same 

M 3 with 

♦ Sir Isaac's first law of nature is this — All bodies cott* 
tmu€ in their state of rest, or motion^ uniformly in a right 
line, except so much as they are forced to change that state by 
forces impressed. 

Prima lex naturae, quod unaquaeque res quantum in sc 
est, semper in eodem statu persevcrct ; sicquc quod semel 
movetur, semper movcri pergat, nee unquam mutetur qisj ^ 
Mujis externis. Fid. Cartesii Pri//f //. Philgs* p. 2. sect. 37. 
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with what is called gravity near the earth's 
surface. By the former of these forcea 
alone, it would always proceed in the tan-^ 
gent or right line ; by the latter, it would 
fall straight to the centre ; by both of them 
jointly, it will be gradually bent below thd 
tangent, and in a given time, sufficiently 
small, will describe the diagonal of a paral- 
lelogram, whose sides are as the two forces. 
In a second moment of time, it will describe 
another, and so on. Now if these paralle-* 
lograms are imagined to be infinitely small, 
a series of their diagonals will not sensibly 
differ from a curve : and thus he accounts 
for the motion of the planets in curvilinear 
orbits. 

The greatest adversaries 'of Sir Isaac New-' 
ton must allow the thought to be highly 
ingenious. A thorough mathematician is 
so smitten with the elegance of it, and with 
the wonderful things he has deduced from 
it in a course of abstruse theorems, in which 
few are able to follow him but those who do 
it to a degree of enthusiasm, that they will 
very hardly be induced to quit their theories 
for a while, and condescend to examine 
how this speculation wijl consist with prac- 
tice, 

If 
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If I had an inclination to multiply words, 
I might object to the generation of a curve 
by the diagonals of small parallelograms ; 
because there follows from it this absurdity, 
that as these diagonals can be considered 
only as right lines, no curve can be com- 
posed of them, unless a curve and a right 
line are commensurable, which every geo- 
metrician knows to be false. It would be 
idle to insist upon this, because the thing 
does assuredly hold good in nature, whe- 
ther the method of hifiiiites will consist with 
geometry, or not. A curve is evidently 
described by a projectile ; and that projectile 
appears to be actuated by two forces thus 
compounded. As far as I am able to judge, 
there is no reason why the orbit of a planet, 
provided the forces are adequate to the ef- 
fects, may not be produced in the same 
manner. But I humbly think, the forces 
of gravity and projectioriy which were pro- 
posed long ago with this view by Mr. Hor- 
rox *, are inadequate and unfit for the bu- 
siness 

* Testantur observationes — figuram orbitae planetariae 
esse ellipticam — motumque ejus in hoc elliptico inaequalem 
esse, & pro distantia fua a fole intend! & remitti — Pro^ 
j'tdatur plumbum aliquod in altum, surgit primd <velociter^ 
de'indc tardlus^ dum tandem stationarium in terram recidat 

cont'tnuQ 
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siness assigned them. No lasting motion, 
as it will soon appear, can possibly arise from 
a composition of these two forces, for the 
following reasons : 

Let us imagine the two forces to be repre- 
sented by two bodies, a and b, (see plate IL 
fig. 1 . ) and let these be made to strike against 
a third body, c, at rest. Now, it is certain, 
from the laws of ♦percussion in bodies not 
elastic, 1. that if a and b are carried with 
equal quantities of motion toward contrary 
sides, and do both impinge at the same time 
against c, no motion is produced by it, but 
all the three bodies remain perfectly at rest 
after the stroke. This may be laid down as 
the most simple case. 2. If ttie angle of 
their meeting at c be very obtuse, as a c B 
(fig. 2.) the motion communicated to the 
body c will be equal to the diagonal c d ; so 
that the whole sum of the force hereby pro- 
duced, 

c§nt'tnuQ 'velacitafis tncrfmento^ atque ita motom librationif 
dcscribit — oritur ea libratio, ex pugna virtutis illtus quam 
manus tua ilH infudit, una cum 'virtute te Hurls magnetica, 
qua omnia gra'via ad se atirahit. — Qn'd est quod in motu 
flanetaruniy ubi eadem commodiias non deest, causam 'veram 
2l natura ipsa tot exemplis confirmatam, fictitio circulorum 
somnio commutaremus ? Horroc. Op. Post, p, 181. § S.— * 
This wonderful adept in astronomy flourished towards the 
fceginrung of the last century, and died at the age of ft. 
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duced, is not equal to either of the forces 
singly which produce it, and all the remain- 
ing part is lost. In the first case, the re- 
sistance between the two forces was total, 
here it is but partial. 3. Ifthe^ngle of meet- 
ing be less obtuse, right, or acute, as in the 
3d figure, the motion produced ma)' be equal 
to one of the forces, as c d, where the angle 
LCM is 120 degrees (the triangles on each . 
side the diagonal being cguilatend) or greater 
as c G, but can never be equal to both, till 
they coincide in the same right line : which 
case is the reverse of the first ; for, by such 
coincidence, the communication becomes 
total, and the resistance vanishes. 

I shall be sorry if the word resistance gives 
any offence to those who have been accus- 
tomed to a different way of reasoning ; but 
if they can, upon the received principles, 
distinguish between resistance and a loss of 
motion, I confess it is more than 1 am able 
to do. Motion, they must allow, is always 
lost in tlie composition of forces. There is 
an easy way of shewing this experimentally, 
by three weights pulling at the same centre 
with oblique forces: Thus, if the weight a 
(fig. 4.) of 3 pounds, and th? weight b of 
4 pounds, pull against each other at an angle 

pf 
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of 90 degrees, they will counterpoise a third 
weight, as c,, which is only 5 pounds. The 
^iflFerence, or loss, is equal to 2 pounds : but 
how can this be, unless the compounded 
forces 3 and 4 do in some manner counteract 
each other? and what can we call thi$ but 
resistance ? The thing will be just the same, 
Avhether the word be admitted or not: a 
motion thus produced, by a composition of 
forces^ cannot be lasting, unless these forces 
are perpetually renewed. 

The application of all this is easy enough. 
The centripetal force upon a planet, having 
a constant supply, will be increasing every 
moment, and bring the planet nearer to the 
centre. But the projectile force originally 
impressed, having no recruit but from the 
first law of nature^ which is none at all, must 
vanish by degrees; and it makes no diffe- 
rence in the argument, whether you suppose 
it to vanish in ten } ears, or in ten thousand. 
Hence, it is impossible for a body^actuated 
by these forces, to describe a curve which 
shall return into itself. A mathematician 
may make this appear plausible upon paper ; 
but it is no practical truth, be the specu- 
lation ever so pleasing. 

It is necessary then to call in the assistance 

of 
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of some medium, as an agent, to renew this 
projectile force as fast as it decays. Philo" 
sopher3 might perhaps find their labour well 
repaid, if they would inquire whether any 
such is to be met with : and they will par-' 
don me, if I tell them, such an inquiry can 
be no disgrace to them ; for Galilceo himself, 
the greatest geometrician of his time, to 
whom the present age is indebted for a con-^ 
siderable part of its knowledge, was persuad- 
ed the sun might occasion the motion of the 
planets in a mechanical way *. 

It should also be considered, now we are 
upon this subject, that the motion of the 
planets is not perfectly circular, but ellipti- 
cal. At some times they are' driven farther 
pif from the sun toward the higher apsis of 
their orbits; at other times they approach 
nearer to him, as they tend toward the lower. 
To this it is wholly owing, that the earth is 
nearly eight days longer in passing from the 
vernal equinox to the autumnal, than from 
the autumnal to the vernal. If they are car- 
ried off by a projectile force, and brought 
nearer by an attractive, neither the one nor 
the other can continue in the same state 
ithrough any one of their revolutions, or, to 

speak 
* Sec his JiCtter to the Grand Duchess of Tuscany, p. 57. 
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speak more strictly, through any two points 
in one half of their ellipses. How are we to 
account for it, that the projectile force^ when 
once overbalanced by the attractive, does 
not so far decay, as to let the planet draw 
up in a spiral till it falls into the centre? 
When the attraction of gravity is accelerate 
ing the motion of a planet or comet, and 
causing it to approach nearer to the sun with 
great rapidity, it brings it down to a certain 
point only, but never below it: for when it 
has reached this point, it rises again imme- 
diately, which, without supposing some new 
force to act upon it, is altogether impossible. 
In the theory of projectiles in vacuo j there 
is no case parallel to this, or in any degree 
like to it: for, let a planet be projected from 
the higher apsis of its orbit, with any force 
less than infinite, and its descents below the 
tangent, according to the known laws of 
projection, will be as the squares of the times 
from the beginning of its fall, till it attains 
a point either of relative or absolute rest. 

As to the motion of the moon in particu- 
lar, there are, upon this same plan of gra- 
vity and projection, some certain circum- 
stances attending every conjunction, Avhich 
are known to contradict the first principles 

of 
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of mechanics ; but these, if insisted upon at 
large, would carry me out far beyond my 
design. An author I have already spokea 
of, who, if I comprehend him, is a most 
zealous assertor of gravity and a vacuum, 
has, to my great surprise, represented this 
and some other things which have frequent* 
ly engaged my attention, in a method so 
plain and unanswerable, as to render my la^ 
hours unnecessary. To his book, therefore, 
I beg leave to refer those who require any 
farther satisfaction *. In our conclusions^ I 
must confess, we differ very widely. The 
end I have proposed in mentioning these 
things, is to shew the necessity of a material 
agency in the heavens, subordinate to the 
Divine Power : whereas, it is his design to 
shew, from the same premises, that God him- 
self is the agent immediately. Which of 
these two is the more rational inference, I 
leave to be determined by the impartial judg- 
ment of others, after they have weighed the 
following reflectidn : — That if the extrava- 
gances, which would arise in the planetary 
motions from attraction and projection, are 
^ny way to be corrected and regulated, it 

must 

t See Appendix to an Inquiry into the Nature of theHumaa 
Soid» aect, $, 
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inust be done either physically, by the ill-* 
strumentality of some material agent properly 
adapted, or supernaturally, by some imme-* 
diate influence of Divine Power : \i physically, 
then the motions which are corrected by a 
physical agent, may as well be caused in the 
samti:Tnanner; if supernaturally, that will 
give every pretender to philosophy a liberty 
•of proposing what powers he pleases, and all 
of them equally good, if they are lo be mend*- 
ed at every turn by a miracle. Indeed, it 
will be no better than a jest to propose any 
powers at all ; and Sir Isaac's first law, which 
is called a law of nature, and from which 
he hath attempted to deduce so many things 
in a natural way, M^ill have neither meaning 
nor use in philosophy, if this author's doc- 
trine be admitted. A miraculous interpo^ 
sltion, therefore, is never to be confounded 
with the established order of natural things, 
if we would understand what nature is, or 
what a miracle is. Such a method of philo- 
sophizing will give a sanction to every ridi- 
culous hypothesis, that doth not quite come 
up to an impossibility; and I can see no 
good reason, why the vortices of Descartes 
may not claim the benefit of a miracle to 
supply their defects, as well as this more mo- 
4 dem, 
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dern, but equally fictitious, composition of 
central forces. Upon what principle was it 
that Sir Isaac Newton said — ^^ Hypothesis 
*' "vorticum multis premitur difficultatibusf!* 
certainly not upon the principle of this au- 
thor ; for, at that rate, there can be no such 
thing as a difficulty. The same omnipotent 
hand, which is supposed to save a planet from 
ruin, by driving it farther from, or drawing it 
nearer to the centre, as occasion requires, 
may as easily conduct a comet through the 
whirling vortices of Descartes, or even the 
solid chrystalline orbs of Aristotle. This is 
the common refuge of men who have nothing 
else to say ; and it M^as the excuse advanced 
by Ptolemy, in behalf of his perplexed 
scheme t^f eccentrics and epicycles. No man 
was to call in question the truth of his astro- 
nomical theories, because the immortal gods 
could easily find a remedy for every. diffi- 
culty ; could remove all impediments, and 
make a way in the heavens for the motion of 
every orb, though their courses might seem 
to be inconsistent with one another *. When 
the philosopher assures us paiver is a divine 
attribute, we can readily believe him ; but 

if 

* Nemo vero difficiles censeat has quas sufpponimas circu-* 
lorum implicationes, &c. Keller ^ £pit, Astroiu p, 60i« 
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if he is above searching after what the di- 
vine wisdom hath thought proper to establish 
in the world, and takes refuge under the 
abstract notion of an unlimited power, be- 
fore there is a necessity for it, and even 
while experience is against him, he betrays 
the insufficiency of his own speculations ; 
and must convince mankind, either that the 
whole of nature is an useless and inexpli- 
cable mystery, or that he ought to set out 
afresh upon more consistent principles. 
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BOOK III. 

Of a Vacuum in the Heavens, and 5e- 
tween the Parts of Bodies : with an 
experimental Inquiry into the phy- 
sical Causes of Cohesioa and Repul- 
sion. 



CHAP. I. 

Some positive Proofs that a Medium, dife-' 
rent from the Rays of Lights is present in 
the Heavens ; with an Answer to a common 
Objection^ from some Experiments with the 
Baiometer. 

THE best-reputed argument hitherto 
made use of to prove a vacuum, has 
been derived from a supposed necessity for it, 
that the bodies in the heavens may be unre^ 
sisted in their motions. But we have beea 
taught by some undeniable examples, that 
ixiotion may continue unresisted in a resisting 
VOL. VIII. N medium, 
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medium, if that medium be the cause of the 
motion: so that the whole doctrine of re- 
sistance is of no use, unless the question 
be first granted, that the motion of the 
planets is not owing to any material cause; 
that is, unless the very thing, which ought 
to be proved, be taken for granted. If the 
matter of the heavens is not employed as a 
physical cause, then, indeed, it will be an 
obstruction, and serve only to interrupt and 
retard motion. If the air behind the sails of 
a ship were not instrumental in driving the 
ship forward, the air before the sails would 
serve only to stop the course of it. If a 
motion were communicated by the hand to 
the lamp*ihachine described in the former 
part of this treatise *, and it were made to 
turn upon its centre when the lights are ex- 
tinct, the air which surrounds the vanes 
would resist their progress, and the machine 
would not make near so many revolutions as 
if it had been included in a vacuum. But if 
the lights are burning, the case will be en- 
tirely altered, and the air will now conserve 
that motion, which a while ago it destroyed. 
This distinction of cases is ever to be re- 
membered in all our physical reasonings: 

tlie 

* Sec page 68. 
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the most ingenious and able philosophers, by 
not attending to it, have fallen into palpable 
mistakes ; and it is greatly to be lamented, 
that the fact here mentioned has found no 
place in the received philosophy, though it 
calls itself experimental: nay, the impossi- 
bility of such a thing has been formally de-» 
monstrated in a geometrical way. 

A vacuum, therefore, is no necessary prin- 
ciple. We should rather conclude, if we are 
willing to be guided by analogy and expe- 
rience, that, as motion continues in the 
heavens, some active medium must be pre- 
sent for the conservation of it. Let us in- 
quire, then, whether the existence of such a 
medium in the heavens, exclusive of the 
rays of light, will admit of any positive 
proof; and whether we can obviate a mate- 
rial objection which hath been raised against 
it : after Avhich we will leave the celestial 
vacuum, and examine the nature of some 
lesser vacuums. 

So long as the philosophy of Aristotle pre- 
vailed, positive levityy differing only in spe- 
cie from gravity, was believed to be a qua- 
lity of some nattiral bodies : but the mem- 
bers of the Florentine academy shewed the 
falsehood of it by some judicious experi-* 
N 2 ments ; 
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inents; and it is now determined, that if 
one body or fluid tends upwards^ it is only 
because another of greater density tends 
(fozvnwardj and takes the place of it. Thus, 
if air and water be naixed together, )3oth of 
them gravitate (as we commonly ^peak) to- 
ward the centre of the earth ; but the water, 
having the greater density, will gain tlie 
lowest place, and, in so doing, cause the air 
to ascend with a velocity proportional to their 
difference. What is here said of air and 
water, may be applied to smoke and air, 
the cases being alike in all respects. Thij» 
reasoning, if found to be just in every in^ 
stance where we have an opportunity of mak* 
ing the trial, must be admitted on all other 
occasions of the same nature, though we 
have not the like opportunity : according to 
to the known rule — Effectuum naturalium 
^usdem generis ecedem sunt causae — *' Natu- 
** ral effects of the same kind must be im- 
*' puted to the same causes. " If this liberty 
of arguing from a similarity of effects be 
once denied us, all experimental philosophy 
will be in a manner useless. 

I must be permitted, tlien, in virtue of 

this rule, to argue from the ascent of bodies 

near the earth's surface, to the like effect 

5 when 
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when it happens at any distance from us in 
the heavens ; as for example, near the head 
of a comet, from which an immense train of 
Vapour is observed to fly off, or rather to 
rise upwards into the regions opposite to the 
sun; for thus we should express ourselves, 
if we were placed upon the surface of it. 

Now let the observation concerning smoke 
^nd aiy be here applied ; and it will be more 
than probable, that some fluid in the heavens, 
of a density much greater than these vapours, 
must be tending dowmvards to the sun, that 
they may be carried off* in a contrary direc- 
tion, according to the law above mentioned. 
For the same reason, this fluid ought to be 
present in all the spaces, through which the 
tail of a comet is known to extend itself, 
which is sometimes to an almost incredible 
distance ; otherwise the principle of a posi- 
tive levity, or something equally unacjcount- 
able, must be admitted as a consequence. 
An imaginary atmosphere, surrounding the 
nucleus of the comet, will give us but little 
aid ; the case not being paralleled (I mean 
with respect to the comet and its own atmo- 
sphere) by any thing that happens within 
the atmosphere of this earth ; in which smoke 
and vapour will rise, up on every side indit 
N 3 ferently, 
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fcrently, as well at noonday as at midnight^ 
and will go either toward the sun, or from 
it. But the tail of a comet, after it has 
passed its perihelion, as well as before^ is 
turned awsiy from the sun; at which timcj 
as we should naturally expect, some mere 
loose and detached particles might be left 
behind by the resistance of some aetherial 
medium, and carried toward the sun by their 
gravity : the contrary to which hath always 
been observed to happen : so that we must 
impute the whole effect to an universally ex^ 
tended atmosphere, not of the comet itself, 
but of the sun. 

This phagnomenoHj^ though very distant 
and inaccessible, is nevertheless so clear in 
itself, and its application is so obvious, that 
it cannot easily be misunderstood. Those 
who believe tlie heaveps to be nothing but 
an immense vacuum, are bound in reason, 
I think, to give us such an account of it, 
as shall be satisfactory in itself, and consis- 
tent with their own principle. If no such 
account can be given,^ there will be a neces'- 
3ity for introducing some fluid into the hea- 
vens beside the rays of light ; and when we 
speak of such a thing, we shall do it with 
reason, with observatioij, and, I may add, 

with 
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•with Sir Isaac Newton also on our side, 
who seems to have considered this matter 
attentively, and has granted all we can de- 
sire of him. His words are these — ^' For, as 
*^ in our air the smoke of any body that is 
'* set on fire goes upwards, and that per- 
' ^ pendicularly if the body be at rest, or ob- 
'Miquely if it be moved sideway : so in the 
.** heavens J where bodies gravitate toward 
.** the sun, smoke and vapours ought to as- 
^' cend from the sun, and go off to the 
* ' higher regions *. " This whole passage be- 
ing very important, I must beg leave to sub- 
join a few short remarks upon the several 
portions of it. 

'^ For, as in our air the smoke of any body 
*' that is set on fire goes upwards," &c. Thp 
reason already assigned for this need not be 
repeated. Should it be disputed, experiment 
will make it good. For, let a.ny burning 
matter be placed under a pneumatic receiver, 
not exhausted of its air ; the smoke will rise 
up perpendicularly, and with a considera- 
ble velocity ; but when the air is exhausted, 

u 4 the 

^* Etenimj ut ip aere nostroi fumus corporis cujusvis petit 
superiora, idque perpend iculariter si corpus quiascat, vel ob. 
liqud si corpus moveatur in latus : ita in coelis, ubi corpora 
gravitant in solem, fumi & vapores ascendere debent a 
4oIe, ^ 4uperiora vel recta petere, Princ'tf^ p. 469, 
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the smoke, instead of rising up as before, will 
cither sink down like water, or hover as an 
atmosphere about the ignited body. It fol- 
lows from this experiment, and many others, 
that a fluid which Is light and tare, cannot 
ascend by any innate quality of its own ; 
but must be impelled, or forced up, by ano- 
ther fluid more dense and weighty. 

This ascent of smoke, &c. will be ** per- 
** pendicular if the body be at rest^ or ob- 
*' lique if it be moved sideway." Thus the 
flame of a candle will have a perpendicular 
direction if it is at rest ; but if it is carried 
forward, and meets with a resistance from 
the air, the flame will then have an oblique 
direction, and be more bright and better 
defined at the edge where the resistance is 
made, than at the other. Astronomers tell 
us, the like has been observed in the tail of 
a comet. But we are coming now to the ap- 
plication. 

''So in the heavens, where bodies gra- 
** vitate toward the sun, smoke and vapours 
** ought to ascend from the sun." As on the 
earth, to which bodies gravitate, smoke as- 
cends through air, because the air forces it 
up by gravitating more than the smoke ; so 
in the heavens, which, according to this 
same author, are empty of air and of all 

Mcn^ble 
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sensible matter^ vapours ought to ascend 
from the sun. How' can these things stand 
together ? Would it not be better totally to 
disbelieve a vacuum in the heavens, than to 
be thus distressed with contradictions? Sir 
Isaac himself, upon this occasion at least, 
seems to have thought so ; therefore he adds 
again very expressly in another place — 
*' Smoke ascends in a chimney by the im- 
** pulse of the air in which it floats. This 
** air, being rarefied by heat, rises up, be- 
'^ cause its specific gravity is diminisjied, 
** and carries off the smoke entangled with 
** it. Why may noti:he tail of a comet as- 
^* cend from the sun after the same man- 
** ner*r" There can be no objection to 
this, but that the heavens will not then be 
empty. Vapours cannot ascend from the 
sun after the same manner as smoke rises in 
a chimney, if in the spaces through which 
they ascend, there be neither impulse nor 
«ir, nor any sensible matter. 

If we agree here with Sir Isaac Newton, 

and 

* Ascendit fumus in camino impulsu aeris cui innatat* 
Aer ille, per calorem rarefactuij, ascendit ob diminutam 
suam specificam gravitatem, Sc fumum implicatum rapit 
secum. Q^idni cauda comctae ad eundem modam ascenderit 
a »ok? Frindp. p, 472, 
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and determine these cases to be a parallel, 
the conclusion will be unexceptionable ; that 
as the air^ in which smoke ascends, is no 
vacuum ; so neither are the spaces through 
which vapours ascend from a comet. 

And to go a step farther, the reasoning 
which hath been applied to these vapours, 
may be applied with the same propriety to 
the rays of the sun ; for as the motion of 
both is in the same direction, no difference 
between them, in any other respect, will be 
material. Light then must be propagated 
from the sun, either by an innate levityj in 
a manner not analogous to anj'^ thing we are 
acquainted with ; to suppose which is to 
give up the whole cause ; or by the pressure 
of some denser medium going downward to 
the sun. It is true, Sir Isaac, in his Treatise 
on Optics, hath rejected all such mediums 
in a peremptory strain : but if his theory of 
resistance hath failed, we may be ?ible to 
surmount all lesser difficulties. Indeed I 
know but of one that deserves to be con- 
sidered. Upon a first view of it, it threatens 
us With some trouble, and will put us upon 
an exact inquiry. 

It 'hath been judged, from some experi- 
ments with the barometer, that we are now 

able 
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able to calculate the height of the air which 
surrounds this globe, and to fix very nearly 
upon that distance, beyond which, if there 
is aay matter at all, it must be peravigua 
*^ exceedingly little," aura lo7ige tenuissima, 
** an air thin beyond expression." The 
^ * weight of the atmosphere at a middle state, 
'^ is equal to 291 inches of mercury, at the 
surface of the sea. If we ascend to the 
height of 800 feet, it w^ill sink an inch lower ; 
at double that height, it will be lower still ; 
and so on, as far as we can <!onvey ourselves 
to make the trial. Hence it is presumed 
there is a certain distance above the earth *s 
surface, at which the mercury jn th^ baro- 
meter would fall to a level with its cistern.; 
and consequently the heavens, at that dis- 
tance, must be empty of air, at least of such 
air as is attended with any sensible pressure 
upon the sui-face of bodies. 

From all that has hitherto been done upon 
this subject, it does not appear that a theory 
can be laid down, so^ as to determine the 
stations of the barometer with accuracy, 
when the elevations above the surface of the 
earth are very great. When they are but 
moderate, this method of measuring alti- 
tudes is very convenient, and comes nearer 

to 
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to the truth than a quadrant and a trigono* 
metrical operation would do. But, I appre^- 
hend, the higher we go, the greater will be 
the error. Between Drs. Halley and Scheach- 
zer there is a difference of near 800 feet in 
5000. The former of these having erected 
a theory *, finds an elevation of 5000 feet 
requisite to reduce the barometer to 24. P3 
inches ; while the latter, who pursued his 
inquiries with great diligence, and every 
imaginable advantage, upon the Aips &f 
Switzerland^ reduces the barometer to the 
same station, with an elevation of 424 1 Eng- 
lish feet f. There are other calculations of 
Mariotte and Cassini, which differ widely 
from each other. 

But to come to the point. That there 
really is any imaginable elevation above the 
surface of the earth, at which the barometer 
would have no altitude, and the air no per- 
ceptible density, cannot be inferred from 
any barometrical experiments ; all of them 
having been taken in that lower regidn, 
within which the air is no other than a men- 
struum, saturated to an high degree with 

hctero- 

• For a particular account of it, see Philos, Trans. Ho. 
i8i. p. 104. 

f See Hid. No. 406. p. ^77. 
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ketcrogeneous particles of a grosser sub- 
stance, and more especially with the parti- 
cles of water. The clouds indeed, at least 
in this country, are very rarely higher than 
three quarters of a mile, even in the most 
serene weather, when the barometer is high ; 
and sometimes they do not exceed seven or 
eight hundred yards, as I have found by 
observing their altitude at different seasons: 
but we shall err greatly if we imagine the 
vatery vapours to be carried no higher than 
to the path of these clouds ; for mountains, 
above a mile in height, being covered with 
sn&to, must be within the region of vapours. 
When Mr. Ray, as he tells us himself, was 
crossing the highest ridge of the Alps in the 
country of the Grisons, it snowed very fast 
during his whole passage, and *^ the clouds^ 
** seemed to be as far above his head as they 
** do here in England *." At the top of the 
Pico TenerifFe, as Dr. Spratt has delivered 
the account in his admirable History of the 
Royal Society y ^' a person found himself all 
" wet, and perceived it to come from a per- 
•* petuai trickling of water from the rocks 
** above him. " Another account in the Phi- 
losophical Transactions y speaks of a dav fall- 



ing 
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ing there, at the very Summit, so copious a^T 
to wet the clothes of the company ; and it 
lasted till sun rising *. Varenius supposes, 
after all the proper deductions for refraction, 
&c. that the top of this mountain is visible 
at the distance of two degrees and an half 
upon the meridian ; whence the height of it 
will be three English miles and three qiiar-^ 
ters. Whether this calculation be exactly 
right or not, though I think the real height 
cannot be very far short of it, certain it is, 
as Varenius hath observed, qudd non uitri 
mediam regionem acris protendatur'\ — ^^ that 
" it is not extended beyond the middle re- 
" gion of the air." How much higher the 
watery vapours may ascend, it will be hard 
to say ; but so high they certainly do as- 
cend. 

From a very common experiment with the 
air-pump, water appears to be at all times 
suspended in the element of air. After a 
stroke or two of the pump, the remaining 
^ir within a receiver, being rendered lighter, 
never fails to let fall a cloud of vapours. 
Dry salt of tartar inclosed in a glass well 
stopt, will imbibe so much water as to make 

up 

* N. S45. p. SI 7. 

t Geograph. lib. 1. cap. <j.&: 10* 
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up the largest part of the weight of the in* 
eluded air : which led Dr. Boerhaaveto con- 
jecture, that pure air, in its elastic state, 
does not gravitate at all *. I have some- 
times admitted air into an exhausted vessel, 
fitted for the purpose, first in a dry room 
with a fire in it, then upon a damp stair- 
case, and have found the latter to be some- 
thing heavier, by hanging the vessel to the 
arm of a balance. 

. .AH these facts should be taken into the 
account, and some allowance be made for 
them in our modern atmospherical theories- 
They will not prove perhaps that pure air is 
absolutely without gravity, which is what 
I cannot believe ; but they will prove very 
well what I intended to shew, that experi- 
ments made within the lower regions of the 
air, are by no means conclusive when ap- 
plied to the higher, into which no barometer 
will ever be transported, unless Dr. Wiikins $ 
scheme for flying up to the moon shall here- 
after be put in execution. 

To this admixture of vapours might pos- 
sibly be owing those unexpected irregulari- 
ties in the barrometer, which almost threw 

the 

♦ Sec his method of chtmtstrj hy Dr. Shaw, vol. I, 
p, 400 and 4 19* ^ 
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the industrious Scheuchzer into despair. 
During his peregrination upon the Alps, the ^ 
mercurial column w'as sometimes higher 
upon those mountains, than it was observed 
to stand on the same day, and with the same 
tem[>crature, at Zurich; which is directly 
opposite to the received rule*. He imputes 
this to the greater purity and elasticity of the 
air in the Alpine regions. These irregularities, 
however, drew from him the following con^ 
fession, for which he is much to be honour- 
ed — '' I pretend not to lay down the truth, 
*' as if it were fully cleared of eveiry doubt; 
*' for, after all my inquiries, it seems to be 
*' still concealed under a cloud.f ^" and in- 
deed so it is ; if, by the truthy we under- 
stand tliat theory of the atmosphere, which 
terminates in a vacuum. 

But, after all, one positivepro of with re- 
gard to the higher regions, would be worth 
all that can be said in answer to experiments, 
on account of their not having been actually 
taken within them. Such a proof is to be 

met ' 

* Itinera Alpina^ p. 15. Itin. secund. — " In di'vermto 
Ragaziensi, ^c," 

+ Imo nee praetendo veritatem omnibus dubiis plen^ li- 
beratsm adbuc dum sistere^ qux operta nubium iAVolucris 
roihi ipsi videtur. Jhid. p. g. 
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met with, so plain and striking, that I may 
venture to rest this whole affair upon the ' 
strength of it. 

According to the present state of experi- 
mental philosophy, air is allowed to be the 
vehicle of sound : and whether it be the pro- 
per pabulum of fire or not, it is, generally 
speaking, necessary to the kindling of fire, . 
and to the preservation of it. When the re- 
ceiver of an air-piimp is well exhausted, a 
small bell cannot be heard to transmit any 
of its soilhid, if it be prevented, (as it easily 
may,) from communicating its tremors to the 
external air, through the solid matter of 
the machine. Gunpowder will not take 
fire in such a space; 9.nd a candle will 
expire before half the air .can be extracted.' 
These things being premised, I proceed to my 
narrative. 

In the year 1719, a meteor, very far ex- 
ceeding the moon in lustre, and nearly as 
large in appearance, was seen over all the 
parts of Great Britain, Ireland, and Hol- 
land, the nearer parts of Germany, France, 
and Spain, at one and the same instant of 
time. Its apparent altitudes were acci- 
dentally observed by skilful persons g^t 

vQi^ VIII. o London, 
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London, Oxford, and Worcester, and near 
enough to the truth, by the assistance of 
the stars. The horizontal distances of these 
places being known, together with the se^ 
xnidiameter of the earth, and the diiferent 
angles under which the phsenomenon ap-^ 
peared to distant spectators at the same time, 
its absolute height above the earth's surface 
may thence be found to a degree of cer-^ 
tainty, which will not be disputed by those 
who ai-e acquainted with the rules, of trigO' 
nometry. From these data, it appears to 
have been about 70 statute miles high. Over 
Pevonshire, Cornwall, and the neghbouring 
counties, an explosion was heard, equal to a 
report from a broadside of the heaviest can- 
non at siome distance, which was soon foli 
Jowed by a rattlipg noise, as if jnapy small 
arms had b^en promiscuously discharged. 
This sound was attended with an uncommon 
tremor of the air, and every where in those 
counties very sensibly shook the ' glass win- 
dows and doors of the houses, and even the 
houses themselves, beyond th^ usual efiects 
pf cannon when fired near at hand. 

The account of this meteor was drawn up 
ftt large by Dr. Halley, from the intelligence 

' rpceiveci 

5 
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received upon idie occasion by the Royal So- 
ciety *. The conclusion from the whole is 
plain enough; therefore, instead of making 
any remarks of my own upon it, I shall add 
(the mojVB weighty and ingenuous reflection 
of the celebrated author himself — *' what 
** may be said to the propagation of sound 
•** through a medium, according to the re- 
** ceived theory of the air, above 300,000 
*' times rarer than what we breathe, and next 
** to a vacuum/ / must confess^ I know 
^' notr 



CHAP. IL 



Some positive Proofs, that a Medium, en^ 
dued with very great Force, is present be- 
tween the Interstices of grosser Bodies, and 
in other Spaces usually called Vacuuma. 

TT EAVING then the celestial vacuum to 

J J be proved by some future arguments, 

more unexceptionable than any hitherto ad- 

o 2 vanced; 

♦ PtiL Transact, No. 36o, p. 97fi* This account is pre- 
ceded by «everal others, leading to the same conclusion, io 
the €d vol. of Mr. Motte's continuation of Lowthoxpl 
ibridgtnent^ p« 138« 
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vanced; we must descend to examine the 
state of some lesser vacuums ; whether made 
by the help of art and machinery, or left 
by nature itself in the interstitial vacuities 
of solid or fluid bodies. That none of these 
can, with any philosophical strictness, be 
termed vacuumsy though we are sometimes 
obliged, for the sake of distinction, to call 
them such in common discourse, will be 
clear from the following considerations. 

Suppose a receiver (plate III. fig. 1.) t^ 
be placed upon an air-pump, and well eva- 
cuated. Into the plate at the top of it, a 
cylinder of wood or metal is inserted, and 
made to communicate with an electrical ma* 
chine in motion. If the room be dark, a 
stream of fire will be seen to issue from the 
lower end of the electrised cylinder, and go 
straight down to the plate at the bottom. 
But if any person applies his finger to the 
side of the glass, as in fig. 1 1. the stream 
will receive a new direction, and be bent to 
that part of the glass to which the finger is 
applied. The better the receiver is cleared 
of its air, the better this effect will be found 
to answer. 

In the opinion of some spectators, pre- 
possessed with the notion of qualities^ this 

might 
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might pass for a good proof, that the finger 
attracts the fire. Nevertheless, that some 
subtile medium, though invisible, is present 
to divert the course of the fire, may thus be 
proved. It may be previously learnt from 
some other experiments, that the electrical 
fluid is acted upon according to mechanical 
laws. Thus, for example, the resistance of 
the air being much greater upon the sphe- 
rical surface of a large cannon bullet, than 
upon the point of an iron rod ; the fire will 
be confined within the bullet, while it escapes 
with ease from the point of the rod. Where 
the resistance of the air is removed from one 
part of a body while it acts upon another, 
the electrical stream will go off at that part 
from which the resistance is removed, with- 
out any regard to the figure of the body. 
In short, it is found, from these plain and in- 
telligible cases, that this fluid acts as it hap- 
pens to be acted upon^ and. is impelled to that 
side where it meets with the least degree 
of pressure. As the medium within the 
pores of solid bodies is known to resist it 
less than any other we are acquainted with, 
for this reason it is driven toward the finger. 
But then if there be no medium within the 
glass, the stream will be equally affected on 

o 3 every 
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every side ; or, which is the same thing, not 
pressed at all on any side, and ought to go 
directly down to the plate, ^s before in 
fig. 1 ; for an absolute vacuum, which 'is no* 
things cannot be able to impel and divert 
the course of itr If it is drawn to the finger 
by an unmechanical attractive quality ; then 
I am to conclude, against atl reason, that 
this fluid is unlike to itself; mechanical on 
some occasions, and unmechanical oji othen« 
But we are under no necessity of felling into 
such a contradiction. An agent capable of 
acting upon it by a mechanical impulse or 
pressure, is present within the receiver ; and 
if the reader is not convinced of this, by 
what I have already said, (as- 1 can hardly 
expect he will, if these things are new to 
him, ) what I am going to add will give some 
farther satisfactiot*. 

If the electrical «ther be elastic, as it is 
generally imagined to be, how can it pass in 
an uninterrupted column, through an ex- 
hausted receiver, as it does, in fig. 1 ? A co- 
lumn of air^ »ioved S'W.iftly through the ori- 
fice of a small pipe, will go forward a consi- 
derable way, if it moves, through other air, 
which is a counterbalance to it on every side: 
but if such a column of air enters a vacuum, 

what 
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Wliat wc call its elasticity occasions it to h6 
dissipated in a moment, and equably diffused 
throughout the whole exhausted space. As 
the like does not happen to the electric fire, 
it is either not elastic, which cannot be sup* 
posed, or the stream is counterbalanced on 
every side by a medium of its own kind, 
which prevents its dissipation. When it en- 
ters a medium rarer (that is, of more subtile 
parts) than itself, as within the pores of close 
and dense bodies, it is then equably diffused, 
like the column of air when it enters the 
exhausted receiver. When it meets with a 
medium denser than itself, as within the 
more open pores of glass, aniber, rosin, &c. 
it will not enter without some violence, as 
air is with difficulty forced into and confined 
under water. From these few and obvious 
principles, naturally suggested by a simi- 
larity of circumstances ' in the air, a fluid 
more intelligible than the subtile aether, with 
which we have had but a short acquaintance, 
the most difficult appearances in electricity 
may be accounted for. 

The presence of a medium, within an ex-^ 
hausted receiver, doth also follow ; because 
there is no space, how perfectly soever it 
may be evacuated of common air, wherein 

o 4 fire 
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fire will not rise perpendicularly up;«i^ard$ 
from a red-hot iron, and heat a receiver' at 
the top more than at the sides, though they 
are nearest to the fire. The fumes of gun- 
powder Mall be carried up together with the 
fire, and in the dark will exhibit a beautiful 
appearance, very much resembling that of 
an aurora borealis, I made this experiment 
with the mercurial gauge at 29 inches ; and 
it would succeed, as we have no reason to 
doubt, could it be brought to the full height 
of a good barometer. From this forcible 
ascent of the fire and fumes, there must be 
other matter in what we call the empty space, 
by the pressure of which the fire }& driven 
upward. Thus we argue in all parallel cases ; 
and if this be excepted^ we must have re- 
course to an innate levity^ which has long 
been exploded, and justly enough*. Dr. 
Halley, indeed, does allow of a tendency 
contrary to gravity y and an innate levity; 
but I apprehend we are to take these for no- 
thing more than unwary expressions. 

The space at the top of a barometrical 
tube^ if the mercury be pure, and the glass 
clean and dry, is a much better vacuum than 
that of a pneumatic receiver. But the more 

effectually 
♦ See pge 179j &c* 
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cflfectually it is cleared of air, the better op- 
portunity we have of shewing it to be filled 
•with other matter. For let the tube be in- 
clined a little from the perpendicular, till 
the mercury reaches to the crown of it, then 
if it be suddenly restored to its first position, 
and the room be well darkened, or the ex- 
J)eriment performed in the night, a pale light 
will be seen to occupy the space, as fast as 
it is deserted by the mercury ; and this light 
will return, as it were by flashes, so long as 
the mercury continues to vibrate in the tube. 
It was the fashion, some years ago, to 
give this barometrical light the name of a 
mercurial phosphorusy as if it were an anoma- 
lous production from the mercury; whereas 
this light, and the electrical aether, as some 
farther inquiries have taught us, are one and 
the same fluid ; and the mercury is not ne- 
cessary to the eifect. If the glass of the 
tube be very thin, let the top of it be made 
to touch the conductor of an electrical ma- 
chine, and the light will give the same ap- 
pearance as if the tube had been agitated. 
After this, empty the tube of its mercury, 
and add some contrivance for exhausting it 
by the air-pump ; then let it be applied to 

the 
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the conductor as before, and stiU you will 
have the same appearance of light. 

When a bason of mercuiy is agitated in 
vacuoy large flashes of light will seem to be 
reflected fron) the surface of it. The mer- 
cury does not create this light, but only ren^ 
ders visible a fluid already present in the ex- 
hausted space. For the matter of light may, 
and actually does, exist, where the sense of 
seeing will give us no information of it. A 
piece of solid phosphorus, immersed in a phial 
of water, is in all appearance as cold and 
opaque as a lump of hard wax ; but, as soon 
as it is taken out and exposed to the air, it 
smokes and shines, and, if excited by a smart 
friction, will instantly break out into art 
actual flame. This substance seems to be a 
mere creature of the fire, like fixed alcaline 
salts, and many other productions of che- 
mistry ; and in its preparation absorbs a large 
portion of that element into its pores, whence 
Lcmery, with great propriety, calls h ajire- 
sponge. So long as it remains under water, 
the imprisoned fire is kept in a quiescent and 
invisible state; but if that pressure be re- 
moved, it breaks out in a stream, flying off 
as fire docs from any other sort of fuel. It 

escapes 
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escapes more easily under an exhausted re- 
ceiver, than under the pressure of tiie atmo- 
sphere ; for the same reason that a vessel of 
hot water will grow cold, and part with ita 
fire much sooner under the like circum- 
stances; and the electrical fire, instead of 
being charged, will return back its fire as 
lust as it is infused. 

But the nature of that subtile medium, 
which remains in every space from which the 
grosser air is exhausted, may be farther un- 
derstood, by inquiring into the force and 
condition of it within the interstitial va- 
cuities of fluid' or solid bodies. And as I 
shall take the liberty to speak of electric and 
elementarj' fire, as if both were but one and 
the same thing, I must interrupt a little the 
order of my discourse, by inserting my rea- 
sons for so doing ; because some ingenious 
men suspect them to be different, and have 
attempted to render it probable by experi- 
ment, though their reasoning is not so 
strict as to deserve any particular examina- 
tion* 

1. We call that elementary fire, which 
lights a candle, kindles spirits, and fires gun- 
powder. The electrical cether M'ill do alt 
these ; and if it be different from elementary 

fire. 
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fire, then we have two material causes in 
nature, intended to produce the same ef- 
fects, when either of these alone would have 
been sufficient. And again ; 2dly, if the 
electrical fire will have the effects of the 
elementary, it is equally true .that the ele- 
mentary will have the effects of the elec- 
trical. The rays of the sun will put amber 
and rosin into an attracting and repelling 
state ; the solar fluid being put into motion 
within the pores of these bodies, produces 
the same effects with the electrical ; and in 
some particular substances a culinary fire 
will do the like ; though neither of them in 
any very considerable degree. 3. The light 
emitted by the attrition of a glass globe, 
and more especially the spark of the electric 
explosion, may be divided, by viewing it 
through a prism, into the seven primordial 
colours, like the element that flows from the 
sun, or the light emitted by a common fire ; 
and the streams of this matter, within an ex- 
hausted' globe of glass, assume all the colours 
of the rainbow ; of which phaenomenon, some 
experiments mentioned in the Optics of Sir 
Isaac Newton, would afford a good solution. 
4. When the solar light passes through a leaf 
of gold, held up between the eye and a 

window, 
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window, only the green-makivg rays are 
transmitted ; and it is remarkable, that the 
electtical spark, which issues from a body 
covered with leaf gold, is of the same colour, 
though something more dilute. Upon the 
whole, if these fluids, which thus mutually 
ajid in all respects assume each other's offices 
.and properties, are not the same, experi- 
ment is a thing not to be depended upon, 
and the most obvious rules of philosophizing, 
adopted and approved by all parties, are no 
better than specious deceptions. That the 
electrical fluid is the same with that which 
is sent from the sun in the form of lights 
and gives heat to the atmosphere, is still 
farther evident from the production oi light- 
ning. After a serene day in the summer, 
when the air has been exceedingly heated, 
and the thermometer has arisen suddenly to 
an unusual height, we are generally sure to 
be visited with thunder and lightning : in 
which case, the matter discharged from 
the air in the form of lightning, is un- 
doubtedly tL'^ same with the matter that 
was accumulated^ and from which the ex- 
cess of heat proceeded. But the matter 
of Iio;htning, and that in the electric explo- 
sion. 
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sion, are now allowed on all hands to be the 
same. I have had the opportunity many 
times of observing this to be the conse- 
quence, when Fahrenheit's thermometer has 
mounted some degrees above 76 : and it is a 
thing commonly known, that a course of 
hot weather in the summer terminates with 
a thunder storm : after which the air returns 
to a more mild and temperate state. 

The" elementary, solar, and electrical fire 
then, as we have every possible reason to 
conclude, are but one substance acting in 
several capacities. This matter, being lodged 
within the pores of all bodies, water and ice 
not excepted, will leave no room for a 'vacuum. 
The densest of metals are penetrated by it 
with more ease than the air itself. The farther 
end of a column, of any imaginable length, 
will be affected by the same touch that gives 
motion to the nearer, and in the same mo- 
ment of time. The same quantity of it that 
is received into a body, will come forth 
from it again precisely ; and where none can 
be driven off, none will be admitted ; for if 
the Leyden phial be set on a plate of thick 
glass^ so that the external current from 
the coating is stopt, it cannot be charged ; 

and 



Parts of Solid Bodies, S^c. 207 

and for the same reason, if, when charged, 
it be set on glass, pitch, rosin, or any other 
electric^ it will retain its charge the longer, 
and ejcplode with the greater force *. 

These things being considered, the ele- 
ment oi jire appears to have such a con- 
tinuity of parts, and such a degree of force 
in its motions, as would not have been be- 
lieved M^ithout some sensible and immediate 
demonstrations of it. Yet the same may be 
proved, without any help from the late dis- 
coveries in electricity. It is the same fluid 
that increases the bulk of bodies when they 
are heated, by entering forcibly into their 
pores, and driving theit constituent particles 
farther asunder. The cohesion of brass and 
iron is too weak to resist the force of it, and, 

unhappily 

* A young marij who served me a year or two as an 
fissistant, and paid no regard to the shbck in the common 
way, was resolved to try in private how this would answer ; 
and unexpectedly received such a stroke, from a phial capa- 
ble of holding not more than six ounces of water, as laid him 
upon the floor, and he was not perfectly recovered, of it in a 
month. Since this accident, being myself of a weaker 
frame, 1 have never dared to inquire too nicely into that 
matter. The same person was once struck down in the field 
by a flash of lightning, which singed his coat; and the 
symptoms occasioned by these two accidents, as he ob- 
jefved himself, agreed in aU respects. 
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unhappily for the philosophic world, a very 
small alteration of this kind is easily per- 
ceived in the rod of a pendulum. In boil- 
ing water, near one thirtieth part of its 
whole bulk, if we reckon only from the point 
of freezing, which carries us but a little 
way *, is occupied by fire ; for to that de- 
gree its specific gravity is diminished, and 
consequently its bulk ,is increased to the 
same degree. Air, under the like circum- 
stances, is increased by one third of its 
bulk. Now, if a quantity of water, with a 
boiling heat, be supposed to occupy thirty 
cubic inches ; when it is reduced to the 
lowest degree of heat, with which it retains 
its fluidity, it will occupy but littk more than 
twenty-nine. Thus its dimensions will be 
different under all the various degrees of 
licat ; and as the degrees of heat are always 
in a fluctuating state, this liquid, in com- 
mon with air and all bodies whatsoever, will 
undergo a perpetual oscillation. 

A question naturally arises, how water, 
seeing its dimensions are thus alternately 
extended and contracted, comes to be in- 
compressible ? Such the philosophers of the 

Florentine 

* Sir Isaac Newton estimates, that water has ah9ve 40 
times more pores that parts* Sec Opt. b« 2*. p* 3* prop, d» 
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Florentine academy deteriilined it to be, by 
bruising and battering with a hammer an 
hollow sphere of metal, filled with water, 
and exactly closed ; for the water, instead 
of being driven into a smaller compass by 
this external violence, was seen to sweat 
like drops of dew through the pores even of 
gold itself*. So long as the water remains 
fluid, its parts cannot be in contact; be- 
cause, if some of the^re be withdra\vn, they 
will soon be reduced to a lesser bulk, some 
force being externally applied upon this oc- 
casion by nature itself, with which I hope 
the reader will be a little better acquainted 
before I have concluded this Treatise. If 
more fire were introduced, by heating the 
water thus inclosed, it would either come 
forth through the pores of the metal, or 
burst it all in pieces. Now, as the water 
itself is passive, and may occasionally be 
comprehended under greater or smaller di- 
mensions, it can be no other than the agent 
within its vacuities that resists the compress- 
ing force ; and its resistance is so great, that 
no power of art, or violence of machinery, is 
VOL. VIII. p able 

* The Abbd Nollet has a much more commodious way of 
performing this, mentioned in the 1st vol. of his I^ectureu 
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able to overcome it ; though nature itself 
hath a way of overcoming it in a moment. 

As some doubt may yet remain, whether 
it be the element of fire that supplies the in- 
terspersed vacuum, (though, in a transparent 
vessel of boiling water, it may be seen to 
enter through its bottom in bubbles,) or 
whether it be some immaterial repuUm 
force ; I will try to explain myself a little 
farther upon this head, and add an experi- 
ment or two, which I am encouraged to 
hope may decide it 

If these spaces then are equally filled with 
Vtatter of any kind, the quantity of thi^ 
matter will be greater, where the density of 
the body containing it is lesser; and vict 
versd. If we can prove it to be universally 
greater and lesser as the rule requires, the 
conclusion will be undeniable, whether we 
are able or not to fix the exact proportion of 
it in every particular instanc£^ which per- 
hups is impossible. If the rule can be 
observed to hold good generally and in 
gross, it is the utmost we can expect or de- 
sire. 

Water and mercury then are fluids of very 
different densities ; and the water, accord- 



ing 
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ing to the rule above mentioned, having the 
lesser density, and of consequence the 
greater number of pores, nmst receive a 
Jarger quantity of fire into them, than the 
mercury will receive into the pores of that, 
supposing them to be both to have equal 
bulks and equal degrees of heat. Let water 
and mercury therefore be taken in equal 
bulks; let the mercury be hot, observing 
the degree of its heat by a thermometer; and 
the water cold, observing also the degree of 
tljat. Mix them suddenly; and having 
stirred thepi a littl<e so as to render the 
distribution of the heat equable throughout 
both the fluids, observe carefully the tem^ 
perature of the whoje by a thermometer. 
Then invert the experiment in all points ; 
let the water have the same degree of heat 
that was in the former case given to the 
inercury, and the mercury have the degree 
of coldness before given to the water : mix 
them aga^in ; and the heat distributed through 
them both will be much greater 7iow the 
water has the heat given to it, than wheii the 
mercury had it. The latter of these, being 
the denser, and having the straighter pores, 
will take a smaller quantity of fire to give it 
an equal degree of heat ; for if heat be no- 
P 2 thing 
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thing but the effect of fre in motion^ and 
the degree of the heat be as the motion and 
density of the fire taken together, certainly 
it will move with the greater violence, and 
be more compressed within the ng-rrow pas- 
sages of the mercury than in the wider ope^ 
of the water, from whence the whlole effect 
is so easily deduced that it needs no farther 
explanation, Thp thing will be found to 
finswer in the same m?inuer, but in a differ-r 
pnt degree, with spijit of y^mQ and vinegar, 
or any oth^r liquors, provided their den-r 
sities are so different as to render the temr 
perature of the mixtures sensibly different 
upon a thermometer, 

All this doth necessarily imply a tram- 
fusion of some matter or element from one 
of the bodies into the other. But, upon the 
supposition that their particles are expanded 
by an innate repulse^ or any unsubstantial 
quality, these effects are altogether inexpli- 
cable and contradictory : for, how can a 
quality be poured, like ^ liqour, from one 
vessel into anothea* ; or move, like a river, 
with different degrees of force through chan- 
nels of different breadths, as the fire plainly 
does ? 

Hence also the heat of solids and fluids 

cannot 



PaHs of Solid Bodies^ Sgc. 21i 

cannot consist in the vibratory motion of 
their own proper particles, but in the action 
and force of the fluid within their pores : it 
being against the laws of mechanics, that 
the particles df wateVy which are fourteen 
times less in number and weight, should 
Communicate more motion to mercury, than 
the particles of an equal bulk of mercury 
will communicate to water. 

There is indeed a difficulty which some 
may look upon as a direct contradiction to 
what 1 have here advanced, toi*, as a denser 
fluid receives into it a smallei* quantity of 
fire to give it an equal degree of heat, how 
does it happen that, when an iron is red hot, 
a denser fluid will deprive it of its fire, and 
cool it more and sooner than a rarer ? This 
is indeed opposite to the rule already con- 
firmed by experiment : yet it is assetted by 
Dr. Boerhaave in his Chemistry ; and I know 
it is a thing generally taken for granted, be- 
cause it is so agreeable to some opinions vul- 
garly entertained concerning fire and heat. 
I thought I could have depended upon the 
wariness and caution with which that great 
man usually proceeded in all his inquiries 
for the truth of this, and was endeavouring 
to reconcile it: but finding that to be im- 

p 3 possible, 
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possible, I disputed the truth of the fact, 
and resolved to make the experiment ; which 
accordingly I did, and it fully answered my 
expectation. I took about five pounds of 
mercury, the whole of my stock at thai 
time, and having poured it into a crucible, 
observed the temperature of it by a thermo- 
meter of Fahrenheit's scale, and perceived 
it to be 56" 

A small cylinder of iron was laid in the 
fire for ten minutes, till it was red hot ; and 
after it had been quenched in the. cruci- 
ble, the mercury raised the thermometer to 69\ 

Tllerefore the increase of heat in the 
mercury was • • 13* 

Then I poured an equal bulk of zvatev 
into the same crucible, and found the 
heat of it to be 57*" 

The iron was laid in the fire as before 
for ten minutes, and being thoroughly 
quenched, the zmter raised the thermo- 
meter to 63° 

Increase of heat in the water 6'' 

At a second trial, in which the iron had 
a glowing heat, the numbers came out, in 
the mercury, 1 8°, in the water 9""' 

At a third, when the iron had the best heat 

I could give it, the numbers were SO^and 1 1|» 

2 I re- 
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1 repeated tlie same with' a much larger 
cylinder of iron with a glowing heat ; and 
having quenched it, till it had done hissing, 
in the water^ the heat of which was AS"*; 
the thermometer was raised to 150°. The 
mercury had a temperature of 5T ; hut when 
the same iron, heated as before, had been 
quenched in that, the thermometer was raised 
beyond the heat of boiling watery that is be- 
yond 214° ; and by the swiftness with which 
it moved, I judged it would have gone much 
beyond the compass of my instrument : 
therefore I could not determine the exact 
degree of heat in this case, without making 
a thermometer on purpose, which was not 
worth while. From the common result of 
all the other experiments, the same cylinder 
of iron, having equal degrees of heat, com- 
municates txoice as much heat to mercury as 
to an equal bulk of water ; ' so that the ther- 
mometer in this last trial would probably 
have arisen beyond 240°. Who would have 
believed XhdXjire should have an effect equal 
to 14, where it ought, according to the 
common estimation, and the hypothesis of a 
vacuum, to have an effect equal only to i*} 

p 4 and 

♦ The specific gravity of mercary being about fourteen 

times 
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and that iron, when quenched in so detise 
a fluid as mercury, should remain so many 
degrees hotter than when it is quenched in 
water ? 

Thus we are at length arrived to a conclu- 
sion, naturally suggested, and firmly enough 
established, by a variety of facts ;« that the 
heavens are not empty even of the element 

of 

times greater than tfiat of water, the quantity of matter in 
a given space will be greater in the same proportion. Now 
if there be an interspersed 'vacuum in these fluids ; and if 
fire be nothing more than a certain yihnxoty motion omr- 
municated to their particles ; then equal degrees of heat iu 
any ignited body,, (as here in the cylinder of iron,} ought, 
by the laws of mechanicsy to communicate fourteen times 
as much motion to a cu^ic inch of water, as to a cubic inch 
of mercury; whereas if doth really communicate onfy 
half so much to the Hjgh^er of these, as it doth to the 
heavier. Therefore the superiority is on the wrong side, 
and in the ratio of 28 to 1,^ or 14 to \. But all this is na- 
tural enough, if fire is a fluid per se, filling the interspersed 
vacuities of other matter, and raising a greater degree of 
heat when it operates in a more confined space. 

Water and mercury, being fluids by nature simple, insi- 
pid, and uninflammable, are, of all others in the wotid, tl|e 
fittest for this experiment. If the same trial were made on 
oils, spirits, and other chemical liquors, which arc in- 
flammable, and impregnated with a spirituous fre, more 
easy to be agitated, many curious and unexpected varieties 
in the effect might occur, concerning which it may be un- 
safe to affirm any thing without due examination. 
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of air ; the contrary at least hath never yet 
been proved, either from the doctrine of re- 
sistance, the sinking of a barometer, or any 
other method: and when the air is with- 
drawn or excluded, it leaves no vacuum be- 
hind ilj but only resigns its place to a medium 
of much greater power, whose extensive, 
and, I may say, universal agency, will afford 
us a most sublime and intelligible proof of 
the divine wisdom ; and at the same time 
open to the curious a boundless field for en- 
tertaining and useful speculations^. 

If this be true, are not those physicfal 
authors among the moderns, who have re- 
jected, with a sovereign contempt, all sub^ 
tile mediums, as things fictitious, imaginary,' 
and not worth searching after, hereby de- 
prived of their greatest subterfuge ? Bodies, 
tliey say, are observed to adhere, to fly 
from, and approach one another in the void 
space of an air-pump ; and as these effects 
cannot be imputed to the air, they are not 
to be imputed (as they have too hastily con- 
cluded) to any other mechanical agency, 
but to certain inexplicable virtues which 
' they call cohesion and repulsion. These are 
the principles we are now, in the last place,, 
to examine* 

CHAP 
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Of the Physical Cause of Coliesioti. 

INSTEAD of setting out here with recount* 
ing all the minute phsenomena of ca* 
pillaty tubes, sponges, dropd of quicksilver, 
&c» &c. which have all been enlisted as so 
many undeniable proofs of an attraction of 
cohesion ; though Sir Isaac Newton himself, 
more modest with all his knowledge than 
some who have retailed his doctrines to us, 
proposes none of these with any thing more 
than a suspicion or a conjecture concerning 
them ; and some of them, as I could easily 
shew, have not been fairly reported or suf- 
ficiently inspected ; I desire it may be con- 
sidered — all the evidence of this sort is nega- 
tivey and owes its whole worth to an arbi- 
trary supposition, that the air is the only 
mechanical agent in nature ; and that, merely 
through the want of another, m'C must have 
recourse to immaterial qualities, exerted by 
the particles of the bodies themselves, there 

being 
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being nothing else* to which these effects 
can be ascribed. 

To all this I oppose the following positives 
matter of fact^ worth an hundred little cri- 
tical experiments, concerning which much 
may be said on both sides, while very little 
is understood on either. It is this — Nature 
is provided with the element of J?re, a ma- 
terial agent of sufficient force and subtilty 
to overcome and undo the strongest eifectar 
vulgarly ascribed to cohesion. And as the 
design of our infinitely wise and bountiful 
Creator in appointing a material age^ncy, was 
to build up rather than destroy, to promote 
and preserve an orderly disposition in bodies, 
at least a5 much or more than to cause their 
dissolution ; it is evident to reason, the same 
agent, acting with some difference of con- 
dition and circumstances, must be sufficient 
to do both. The air, when stirred into a tem-^ 
pest, will tear an oak up by the roots ; but 
was this the sole end of its creation ? Doeif 
not the same air assist the oak and all other 
trees in their growth ? and does it not 
nourish and preserve many more than it 
destroys } ^ 

Fire, 

♦ See Mr. Rowning's account of the captUary ftAtg in 
the Preface to his System of Philosc^hy. 
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Fire, another element, hath in like man- 
ner its different offices; and we^ nMiV^\6pef 
to gain some light into its more secret opera- 
tions, if we argue by analogy frotn one oi? 
these to the other. That fire is the^gpreat 
catholic dissolvent of nature, the chymists 
htvt all been ready enough to confess ; that 
it can unite^ as well as st^parate, ought not 
to be doubted ; though it is what few will 
believe, unless they are possessed of patiencef 
and perseverance enough to go through a 
close inquiry. However, this matter is not 
so very difficult as they may apprehend. 

Let us consider this agent a while in thef 
first and best known of its capacities, I mean 
as a dissolvent. The particles of mercury, 
from the sphericity of its drops, should seem 
to be endued with a strong attraction : yet 
these particles will cease to have any cohe- 
sion, and be separated into fumes by a de- 
gree of heat but little exceeding that of 
boiling Water. The particles of water are 
also said to be endued with the like virtue : 
yet the agency of fire will very soon relax 
their cohesion, as appears by a sensible di- 
minution of their specific gravity. The samd 
fire acting with a still greater degree of 
force, will at length totally dissolve their 

unions 
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union, and raise them aloft in steam or 

vapour. The ordinary heat of the sun has 

a like effect on the waters of the ocean. All 

other substances, as well solid as fluid, are 

« 

subject to a separation of their parts by the 
entrance of fire : the hardest of metals, how 
closely soever their parts may be connected, 
are easily dissolved and rendered fluid by 
the heat of a furnace, 

Conlab^actatus rigor auri solvitur cesfu^ 

If nature then is provided by its author with 
an element of such power and activity as 
enables it to overcome the strongest cohe- 
sions, it cannot be destitute of an agent 
powerful enough to cause them : if it can do 
the greater, it must certainly be able to do 
the lesser. And without much disputing, 
do we not find it to be thus in fact ? For the 
sether, acting below a certain degree, will 
consolidate the particle of water into ice : 
if it acts above that degree, it keeps the wa- 
ter fluid : if to aii higher degree, it renders 
it more fluid : if to an higher still, a total 
separation of the parts will ensue. But if 
these parts mount up into the head of an 
alembic, where the action of the fire is dif- 
ferent, they are united again into a well 

cojinetted 
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l^onnected body. These effects being aa^ 
fiwerable in every instance to the activity 
^nd condition of g, material agent, what ncr 
iressity is therje for calling in the- assistance 
/of an unmech^-nical attraction ? the work 
may certainly be done without it* ; and I 
am verily persuaded such a principle would 
jiever have been seriously defended, if the 
agency of fire had been searched into as it 
deserves. If I can see the effects vary as 
oft as there is any change in the element of 
fire, I am compelled, by ^11 the rulesi of 
jeason and phibsophy, to understand thii 
element as an immediate cause of these ef- 
fects, and must receive it as such, till it is 
demonstrated to be inadequate ; the coijtrary 
%o which hi^th been demonstrated already, 
and might be farther confirmed by some 
other experiments, which I might here int 
^roduoe, if there were any occasion for 
them. 

The cohesion of bodies by the action of 
this fluid, may be illustrated and confirmed 
in a familiar way by some parallel effects, 
\n the explication of which we are all agreed. 
Let a stop-cock be fastened to the neck of a 
bladder, that it ma.y be screwed upon the 

work 

* Entta npn sunt mult'tpUcanda absque necessitate^ 
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work of an air-pump : exhaust the air froii^ 
it; and having turned the stop-cock, to 
prevent the air from re-entering, take it off 
the machine *. The bladder is now transh 
formed into two. flat §kins, so closely ap- 
plied together, that the strongest man canr 
not raise one of them half an inch from the 
pther: for, supposing the bladder to form 
jthe area of a circle six inches in diameter^ 
each side is pressed down upon its fellow, 
with a force equal to 396 pouiids. On the 
jcontraiy, if the bladder be blown up witl^ 
air, and the stop-cock turned to prevent it 
from getting out, it will be more difficult 
to bring the sides together, supposing them 
Bot to be rent in the attempt, that it was 
before to separate them. 

I must be allowed to put a case here. 
Suppose a person, presented with this spec- 
tacle, to be unacquainted with the pressure 
of the atmosphere, as many people un- 
fioubtedly are, and many of the learned also 
were but little more than a century ago ; 

what 

* This will answer as well without the formality of 
^n air-pump. Only let the sides of a bladder be pressed 
flat together, while the neck of it is tied fast to keep out ' 
|he air. 
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what will such a man say, when he is pull- 
ing at the sides of the bladder, and finds 
it impossible to lift up either of them ? If he 
is illiterate, he may think perhaps they are 
bewitched ; if he has any knowledge of phi- 
losophical terms, he may say, '' Nature ab- 
** hors a vacuum :" if he has any faith in the 
modern doctrine of a vacuum, he will take 
this to be an undeniable proof of a very 
strong attraction. 

When the bladder is blown up, (allowing 
him still not to be aware of any fluid within 
it,) he must say the sides repel one another ; 
or he may call them elastic, attributing that 
elasticity to the solid matter of the mem- 
brane itself, which is the property of the in- 
visible medium inclosed within it. 

Attraction and repulsion, as here applied, 
are the creatures of this man's imagination, 
to say nothing of his ignorance. If he is 
fond of his fancied discovery, he will give 
himself no trouble about the real cause of 
these appearances, for he thinks himself to 
be already in possession of it ; and will not 
perhaps be very v/ell pleased with those who 
endeavour to go farther, *' for ever assert- 
^'ing bis right to stop, where he finds he 

'^ can 
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^' can get no farther upon. sure ground*/^ 
Many philosophers were grievously disap- 
pointed, when the pressure of the air was 
established by experiment ; the learned Dr. 
Henry More in particular, who opposed Mr. 
Boyle and Professor Sturmius with great 
vehemence upon this article. He had long 
indulged himself in the belief of an hylar- 
chical principle^ a spiritus mundi hylostaticus^ 
which he describes as a living plastic nature^ 
but brute and unintelligent. And thus he 
Solved, without any more expence than that 
of. pen, ink and paper, all the appearances 
of the visible creation. 

We are apt to wonder, in these days, how 
men of learning could thus supinely ac- 
quiesce in a set of occult and barbarous 
sounds, and be ignorant of the weight of 
the atmosphere, to which an experimental 
inq^uiry must inevitably have directed them. 
Yet our own practice at this time is in some 
respects no better than theirs ; we have 
ascribed an oracular dignity to a term, which 
has either no meaning at all, or many con- 
tradictory ones; a word that explains tio 
more than the principium hylarchicumf and 

VOL. VIII. -Q not 

♦ Seetlie Preface (oi the editors) to Mr* Maclaurin's 
accoant of Sir Isaac Newton's discoyeriesi p« 164 
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not quite so much as the abkofrence 0f a 
meuum — But let us return to expa:imeiit 
again. 

Instead of the bladder, let us now take 
iwo concave brass hemispheres^ known by 
the name of the Magdehurgh kemispha^y 
and first invented by Otto Guericke. TTicy 
afford an appearance of the same kind> but 
more convenient to our purpose at preset. 
Apply these hemispheres to each other: if 
you squeeze them ever so hard together with 
your hands, they are easily separateci after- 
wards, and most probably will fall ^iinder 
by their own weight. What is the reason oi 
this ? Every fluid, we know, will naturally 
be in equilibria with itself: the air, being 
here applied both to the inner and outer 
surfaces, will press with equal and contrary 
forces; which only destroy one atiother. 
But if the air be exhausted from within, 
there will then be an excess of pressure with- 
out, by which the hemispheres will be firmly 
fixed together. After this, if the air be again 
atimitted, they will fall asunder as before. 

Thus then let tis argue : that as the air, 
when it enters, puts an end to this adhesion 
by restoring an equilibrium, it is plain there 
was not an equilibrium before : the action from 

withi 
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within, must have been weaker than the 
notion f»m without, if the effect ceaacs 
when the former of these is made equal to 
the latter. And I desire the reader to ob- 
serve, that the offices both of uniting the 
hemispheres, and separating them, are ex- 
ercised on this occasion by one and the same 

If this reason is just, the transition from 
the surfaces of the brass hemispheres, to the 
cohesion of the brass itself, will not be very 
difficult. For, let this brass be thrown into 
a furnace, it soon grows red ; and as the heat 
increases, it becomes in a manner trans- 
parent: the matter of the fire penetrates 
into the body of the metal ; and when the 
•medium within is nearly in the same condi- 
tion with the medium without, the brass 
runs, and there is an end of its cohesion. 
An cffisct which is thus made to cease in a 
mechanical way, may be produced in the 
same way ; and if the entrance of the fire 
(as we argued above) dissolves and separates 
the parts of the metal ; the exterior pressure 
of the same element, though in a different 
condition, was the true cause of their co^ 
hesion. 

Deny the existence and pressure of the air, 
U 8 and 
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and you must have recourse to attractioiii 
or suction, or an incorporeal agency, to ac- 
count for the adhering of the hemisphere^ 
Allow but the existence and pressure of 
elementary fire, the reality of which is ma- 
nifest to as many of the bodily senses as tte 
reality of the air. and you need not have 
recourse to any of these things to account 
for the cohesion of the bras^. 

Between these two effects there will be a 
nearer and more apparent resemblance, if 
the hemispheres, instead of being evacuated 
by the machinery of a pump, are heated 
moderately at a fire. The more subtile 
fluid, rushing into the concavity, expands 
and takes the place of some of the grosser 
air, or rarefies it, as we commonly speak. 
In this state let them be applied, with a 
luting of any kind to the joint, and dipt in 
cold water : they will adhere as effectually 
as if part of the air had been withdrawn by 
exsuction. In like manner, when the fire 
dissolves a mass of metal, an extremely fine 
and subtile fluid passes freely through the 
body of it: but as it cools, this medium 
within, having no fresh supply, evaporates 
in part ; and the remainder, growing coih- 
tinually weaker, yields to the superficial 

pressure 
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pressure of the same element, in a colder 
and less rarefied state: from whence the 
whole effect must follow in a natural way ; 
and the agent which drives the parts toge- 
ther, being universally present, will keep 
them together,- till it is again counteracted 
as before. If any experimentalist shall here- 
after be able to exhibit one single instance 
of a cohering body, where he can prove the 
internal and external pressures to be equal 
in all respects, we may then grant him his 
attraction ; we may confess, such an effect 
is not brought to pass in a physical way ; 
and that we understand no more of the 
cause of cohesion, than he has expressed 
under that word; which is just nothing at 
alL 

In the mechanical way of solving the 
cause of cohesion, of which I have thus 
ventured to offer a short draught, I perceive 
there is one article that wants to be explained 
and confirmed a little farther. It will be 
granted me, I presume, that the matter of 
fire, by penetrating through the surface of 
a solid* or fluid body, acts internally with an 
expansive force, to loosen and drive asunder 
its constituent particles. But where shall I 
find a medium to act externallyj and over- 

9 come 
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come this^ motion of the fire when the body 
grows cool and begins to concrete? If I 
should say, the heat within is counteracted 
by the cold without, and that cold is the ' 
agent acting externally, it will be asked 
again, how cold, a mere privation, can be 
taken for an agent ? But that cold is a naerc 
privation, I cannot believe, because experi* 
ment shews it to be the effect of a cold 
atherial fluid, as heat is the effect of fire, 
an hot fluid. I cannot stop here to pursue 
this so far as it deserves : it will serve my 
' purpose at present to prove the reality of a 
cold (Ether J different from common air, and 
of sufficient power in its operations to exe* 
cute the office I have assigned it. 

Spring-water, it is well known, contains 
in it a large portion of air ; and most of the 
medicinal waters, such as Pyrmont, Bristol, 
Tilbury, &c. contain much more than the 
water of common springs. But there is an easy 
method of extracting all the air, so that no 
part of it shall remain. This is done by boil- 
ing the water, and then placing it within the 
vacuum of an air-pump. When it has re- 
mained in this situation till it is cold, it 13 
sufficiently purged of its air, and ready for 
^he experiment I am about to propose. 

Pour 
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Pour some of this water into a small glass 
phial with a long and slender neck ; ob- 
serving withal, that the surface of the water 
is to reach no higher than to the bottom of 
the neck. Set this phial on a small trans* 
ferring-plate, and cover it with a glass re- 
ceiver, fron^ which exhaust the air as per- 
fectly as possible. Then plunge the receiver, 
with its included phial of water, into a 
freezing-mixture, composed of snow or beaten 
ice mixt with common salt, or powdered sal 
ammoniaCj which is better. In a very little 
time, your phial of water will be frozen into 
ice, which runs much higher into the neck 
of the bottle, and occupies more space than 
the water did in its fluid state. This intu- 
mescence, as you will perceive upon inspec- 
tion, is owing to a great number of bubbles 
dispersed within the body of the ice, which 
certainly are not composed of air ; for air 
does not swell and rarefy with cold, but is 
always condensed into a lesser space. Be- 
sides, there was no air either in the water or 
the phial, neither can air penetrate the glass 
of the receiver ; and if a small gauge be in- 
cluded together with the phial, and the ice 
be melted after the operation of freezing, by 
bringing the receiver near a fire, these bub- 

0. 4 bles 
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bles will rise up and burst at the surface, as 
the ice grows liquid ; but after all, the gauge 
will not be affected by them, as it would be 
if they were of the same nature with com* 
jnon air. When the ice is all reduced to 
water, and wholly cleared of its bubbles, 
repeat the freezing; you will perceive the 
$ame intumescence as before, and the same 
collection of bubbles ; and thus it will hap" 
pen toties quotUs ; as I can venture to say, 
because I have been at the trouble of making 
this expeiimenrt, so far at least as to satisfy 
myself of the truth of what I assert. 

This subtile 93ther, though but small in 
quantity when compared to the bulk of the 
water is introduced with a force which art 
would find it very difficult to measure; a 
force capable of bursting strong vessels of 
silver and brass, such as might be filled with 
air many times condensed, without receiv-r 
ing the least damage. The experiments of 
this kind, made in the Academy del Cu 
l^e^tQ*, do well deserve the attention of 

those 

t See their experiments ox\ artijtctal-freextn^y p, 69, &c. 

But lest it should be thought, that the effects, I here refc? 

^ tOf were owing in any degree to common air, I must beg 

l^ve (0 ^vibjoiR the fallowin|; experiment ; I m«de 9 strong 

^jrliodfjwl 
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those who require any farther satisfaction 
in this matter ; and to these experiments I 
refer, as to so many proofs of an aether, 
cold, subtile, adequate to all the effects of 
cohesion, and different from common ain 

It 

cylindrical box of metal, with a broad rim, to which a flat 
cover was applied so exactly, by grinding one upon the 
other in a turning-lath, that when the cover was laid upon 
the box, no light could be seen through the joint. Then 
I prepared some water, by boiling and placing it upon an 
air-pump. This water, when told, was so thoroughly 
purged, that it would not yield the least bubble of air, 
when the putnp was well evacuated ; and this I tried im- 
mediately before the using of it. I filled the box with some 
of it, till it stood convex above the rim : and having applied 
^ wetted leather to the cover, screwed it down firmly upon the 
box with four iron screws ; by means of which, it was made 
air.ttght : and in this state, I suppose, the box and cover 
would not have been separated by a weight equal to 6alf 
a ton, and perhaps not by a great deal more. Having 
plunged the whole into a freezing mixture, the water was 
frozen into a solid mass in less than half an hour ; and as its 
bulk increased, by means of the inclosed bubbles of cold, 
three of the screws were forced by the violence of the pres- 
sure, and the cover was raised up on one side, about a 
quarter of an inch above the rim. 

Common air, it is certain, could have no share in this 
effect; the whole being occasioned by a finer cstber^ so 
small in quantity that it did not occupy a cubic inch, and 
so great in force that its pressure must have been an bun* 
dred times greater than that of the atmosphere, which Is 
OV^y fourteen foundf upon a surface of an inch sjuare. 
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It is true, I am not confined to these ; theirf 
lire many other ways of proving the ssim^ 
thing; and the phsenomena of electricity have 
have served to open the eyes of some few exr 
perimenters ; so that I have the satisfaction 
to find I am not singular in assigning a 
mechanical cause of cohesion. 

The ingenious Mr. Wilson, F, R, S. in 
his Treatise on Electricity ^ p. 187, is of 
opinion, *' that cohesion may arise from the 
** mutual action of the light contained within 
** bodies^ and of the atmospherulas surround-^ 
*' ing them, the pressure of which alone 
*' may be sufficient to make their particles 
*' cohere with a great force, &c." Dr. Boer^ 
haave also hath dropt an hint, as it were by 
accident, which greatly favours what I havp 
advanced: '' If, therefore, (says he,) caU 
^*were a mere privation of fire, the power 
** which contracts the particles of a solid 
*^ body would be innate, or implanted in 
^' the nature of body itself; while the power 
^' that expands would depend upon the 
^' fire, and consequently be something ex- 
^'trinsic." See Boerh. Chym. by Shaw. 
Vol. I. p. 219. He seems here, to me, to 
mention this as an absurdity in nature. And 
surely it is incredible that bodies should 

b? 
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be related by the force of a medium^ and 
consolidated by an attraction in the ipatter : 
in other words, that the particles, of which 
they consist, should be moved outwardsf 
from A to B by a mechanical force, and 
brought back again from b to a by an oc- 
cult quality. Would this be agreeable to 
that uniformity which is every- where to bq 
observed in the ways of God ? it must follow 
therefore, according to the suspicion of this 
author, that cold is not a privation of fire, 
but occasioned by something as real* and 
positive, as that fre which is the occasion, 
pf heat. I say no more in this place, having 
considered this point particularly in the en- 
suing pages. 

There is another sort of reasoners amongst 
us, who seem to glory in their ignorance ; 
and have precipitately defied all the philoso- 
phers upon earthy to account for coliesion, 
otherwise than by the power of the Deity im- 

mediately 

* Plato is very clear upon this article, in the discourse 
of his Tim^us Locrus-r-To ^usv wv ^s^fji^ov, Xeiflofjieceg rs yta^ 
SiaaranKOv rujy ffujiLdrwy hy.si 6ii/.ev, To h ^'JX9^^ '^^^ 
^uu.e^eo'rs^ov 'mo^ujv xa* (TvyitiifXcori^ov erri, ** What we call 
** heat, consists of very fine parts, which serve to separate 
f' and dissolve bodies : but colJ is made of grosser parity 
** which press upon and stop up their pores.** Flat. Op. 
Sim vol.3, p. 109. 
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mediately interested. After the extravagant 
lengths these gentlemen have gone, for the 
sake of gaining some credit to I know not 
what metaphysical reveries, they must be 
endued with a degree of candour and inge- 
nuity rarely to be met with, if they will 
attend * to any thing of this kind. But I 
must beg leave to remind them, that if they 
"will account for cohesion by immaterial im- 
pulses and miracles, they should account for 
the adhering of the two exhausted hemis- 
pheres after the same manner, and deny that 
the air is employed as an instrument in this 
business. For I humbly think, it is con- 
sistent neither with the wisdom nor the power 
of God, that he should ordain an inanimate 
substance to produce soiAe effects, and 
produce other similar effects by the im- 
mediate influence of his own divine es- 
sence, because they are conceived to be 
beyond the reach of any instrument even 
of his contriving. Such a conclusion as 
this, no pious man, who is really concerned 
for the honour of God, can easily digest; 
and Mr. Boyle, I am persuaded, would ne- 
ver have admitted it. Nature is extremely 
simple in its agency, though infinitely va-- 
rious in its productions : it js not made to 
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act by corporeal impulses for the production 
of some effects, and by attractions andspiritual 
influences for the production of others. Of 
this simplicity in nature, if we can trust to 
their own declarations, philosophers of all 
ages have been persuaded ; and it is no fault 
of mine, if some of them have unhappily 
departed from their own rules, and made 
nature to abound with almost as many causes 
as effects. 
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An Experiment to confirm and illustrate what 
has been advanced in the foregoing Chapter: 
with some Observations on Heat and Cold. 

I Should very far exceed the bounds I 
have prescribed to myself, were I here 
to run through the natural history of cohe- 
sion, and distinguish all the variety of cases 
I have collected, some of which may be in- 
tricate and difficult enough, whilst others 
would serve to clear them up, and confirm 
the principles I have advanced. I cannot 
however forbear to jselect one example, as it 

seems 
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seems to yield us a palpable proof that co- 
hesion is caused in the manner I have sup- 
posed. 

There is a toy made in Our glass-houstt, 
which the learned have treated of under the 
name of lachryma vitrea; the workmen call 
them glass pearsj and they are commonly 
sold in London for the diversion of school- 
boys ; though they are attended with a phae- 
nomenon which hath excited the admira- 
tion of most of the philosophers in Europe. 
They are made of the ordinary green glass, 
by letting fall a large drop of it, when in 
fusion, into a vessel of cold water. If a 
piece of the neck be afterwards broken off 
from the drop thus prepared, the whole 
body of it bursts asunder with an explosion, 
and is split into a thousand small fragments, 
which may be crumbled into dust without 
any injury to the fingers. This effect, won- 
derful as it is, may easily be traced up to 
its cause. 

It was observed above, that as a melted 
metal grows cool, the fire that had been 
lodged within it evaporates by degrees; 
while a colder aether, pressing on the super- 
ficial parts, brings the whole to a due firm- 
ness and coherence. Here we have a nobk 

illustratioa 
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illustration of it. The fire, having rarefied 
the particles of the glass, and put them into 
a state of fusion; the cold, applied sud- 
denly by the water to the superficial parts of 
the drop, forms a condensed crust of glass 
over the whole, before the fire within has 
time to escape in a regular way. By this 
means, the inner particles are closed tip in 
their rarefied state ; and when all is cold, 
there remains between these particles, what 
custom, and the poverty of language, ob- 
liges me to call z, fire-vacuum, analogous to 
the vacuum of an air-pump. When a piece 
is broken off from the smaller end, a part of 
the rarefied core is immediately exposed, the 
interstitial passages of which are so open as 
to admit an sether that ought to have been 
istopt by the surface : this aether rushing in 
suddenly, as air into an exhausted vessel, 
fills the pores with such violence as to rend 
the whole substance into atoms. The chan- 
nels formed by the dii^position of the pores, 
must likewise be of such a figure as will 
contribute not a little to the success : for, as 
the matter of the glass decreases in its rarity 
from the axis of the drop toward the circum- 
ference, all these channels will represent the 
figure of a wedge ; the propriety of which, 
4 in 



.240 Of the Pkyskat 

in this case, and the consequences that must 
attend it, are clear enough. 

It is not air that occasions this effect, b©- 
cause it will answer best in vacuoy and, what is 
very much to my purpose, it is then attended 
with a flash of light ; for the observation of 
which curious circumstance, we are indebted 
to the French academy*. 

In some trials, the progress of the eflFect 
hath been such as plainly to point out the 
true and natural solution of it. Franciscus^ 
Redi, who published forty-one different ex- 
periments upon these bodies, without add- 
ing one word of inquiry after the physical 
cause, informs us, that when he had coated 
one of them with plaster of Paris, leaving 
out some part of its tail to be afiterwa];ds 
broken off, the coating was rent by the ex- 
plosion at the basis of the drop; /* as if the 
*' force of the fracture took its rise at the 
^' extremity of the tail, and passing down- 
** ward from thence to the basis or bottom, 
i ^* forced away the plaster of Paris in that 

*^ placet." 

It 

• Hist, de I* Acad. l69«. p. 307. 

+ Guttula rumpendo vim basin versus faceret, ^ in ea 
parte laceraret gypsum, ac si vis rapturae originem capeiet 
a principio caudae, iretque semper impellendo versos basin 
aut fundmn guttube. Red% Obierv. p. 6 1. 
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It li farther remarkable, that if one of 
these bodies be laid upon hot coals, or boiled 
in oil, and doth not burst in the operation, 
(which very frequently happens, ) it is re- 
duced to the temper of common glass, that 
hath been regularly annealed; and if its 
neck be snapped off, the usual event does 
not follow. The fire relaxes the indurated 
crust, and, having gained a passage through 
it by slow degrees, fills up the pores of the 
glass without violence ; after which it grows 
cool with a more equal and regular disposi-^ 
tion of the p?irts. 

If these things should not appear to others 
in the .same light as to myself, I cannot 
help it. I leave, it to be considered, whe- 
ther we should not come much nearer to an 
agreement, if, instead of attempting to an- 
nihilate the agents God hath created, they 
would spend same labour upon the study of 
them, and examine the wonderful effects 
of the aetherial elements, without a resolu- 
tion to find attraction and a vacuum^ where 
^no such things ever existed. The effects of 
heat and cold, as daily exhibited to out 
senses in the customary changes of the wea- 
ther, are sufficient to justify zite in what I 

VOL* VI n. » have 
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have deduced from them. Wheti the Hrhi' 
ther grows wdrtn, the power of c5&ei$i6JI 
grows weaker; when the weather becdlneit 
cold, this power is increased ; ahd tfic hkitlest 
of metals, in common with 4ll 6t1ief bodie^^ 
are proportiohably altered in all their diifkffl^ 
sions. Exttelne heat will dissolte tl«?ttlf 
extreme cold will hafdeti, and render th^Hf 
so brittle, that large bars of iroi Inaf he 
easily snapt in sunder, aftet they havc beeft 
exposed all night to the open dir in a severe 
frost, A power of so fluctuating a natniie; 
and which is thus rendered greatei'^tld lesser 
with every change of the elements, can be 
no property of the cohering matter. 

If the changes of the atmosphere afe 
found to make the heights of the merctiFy 
m the barometer vary, who can doubt that 
the pressure of the air is the sole and ^dequattf 
cause of its suspension ? and acc6rdingly, if 
the air be totally removed from th6 surfactf 
of the cistern, the mercury drops 16 a level 
with it. Therefore it hath never once been 
suggested to us, that mercury is eiKliiefd 
with the property of flying up into a glaSsf 
tube. 

Thus also, if the degrees of density in "^ 
cohering body, vary with the degrees of heai 



and cold I ivbere ^ould we 3^k, |^9t; \js tht 
dement of fire^ for the true 9^Hd physic^ 
cause of cobesioDL ? when we d^sqe^d uid§«4 
Co die precise mode of its operfitioq, it jp 
hardly to be expected oyr ideas fi9# b?v^ 
a mstheaiiatical exactnes$i[« I ts^Ke it fojf 
granted they are very gross, »nd such a^ wp 
should be ashamed of, if the sen^e of m^ 
extended to the first principles of matter, 
which God^ in great wisdom, hath purpopeljT 
placed out of his r^ach. But it is no incon- 
siderable step in philosophy, barely to deter- 
tnine the question, whether God hj^h chose» 
to act by material instruments, or imn^a- 
terial influences : it being of the utmost iiur 
p(»tanuce in eyea-y science to begin rightly^ 
and have our labours directed into a propejf 
channel. 

As it wiU probably be iDUch doubite/i' 
whether the operations of heat and cold.aA^ 
to be ascribed to elementary fire, as to on/i* 
rond the same substance; that matter, I thinJi;:^ 
may^ easily be adjusted by observing Wjb^ 
happens toa common thermometer. When yo^ 
bring it near a fire, and find it rises from 5$ 
degrees, the point of temperate^ tp Si 3, tb^ 
<lggree of boiling water j to what substjo^ge^lp^ 
^au impute tibisi and what is fi^iix fx%9\Q ff)i 

R 8 it? 
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It? doubtless you will tell me, it is elementafjr 
fire. Suppose the thermometer to be fall- 
ings 32 degrees below the point of freei- 
ing, and to be raised from thence up to 
temperate ; during the greater half of which 
motion, a very severe coldness is predomi* 
nant. Now, if you imagine heat and cold 
to be things different in their nature, yoa 
must provide one element to icaise the ther- 
mometer through the upper parts of its scal^ 
and another to raise it through the lower f 
and after all, you will never be able to guess at 
any point of distinction, where the one eftd8> 
and the other begins. For if your instru- 
ment, when exposed out of doors, should 
stand at 55 degrees in January, the air would 
be attended with a very sensible warmth 
to the body, and you would find yourself 
able to sit very comfortably without a fire. 
'If it should stand at the same point in July, 
you would complain of shivering with coldj 
and perhaps order a fire to be lighted- Thus 
yOu will give the contrary appellations of 
hot and coid to one and the same tempera- 
ture of the air ; and if you realize these 
different ideas, which arise wholly from a 
deceived sensation, and search after, a spe- 
cies ofjrigorific particles^ acids ^ the air, 

and 
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and such like, you discover nothing real in 
nature, hut become the dupe of your own 
language. 

Heat and cold are the names we have 
given to the sensations which are raised in 
«s by the different (and sometimes by the 
same) impressions of elementary fire. Tf an 
effect is p^roduced when the thermometer 
stands at the heat of boiling water, I call it 
jire that produces it: if watier is frozen into 
ice, and the thermometer stands at 30**, I 
am sensible of cold in my body, but the 
agent in' this case is elementary fire; and 
there may be a greater philosophical pro- 
priety than we are aware of in that expren'* 
sion of Virgil — Penetrabile frigus adur'U *f 
As we do riot look upon air to be one kind 
of element when the barometer sinks^ to 
68 inches, and another Vhen it rises to 
31; the element of j^re ought to be con- 
sidered in the same W2^y, under all the dif- 
ferent stations of the thermometer, that 
is^ all the different degrees of heat and 
cold. 

Upon these considerations, I have fol- 
lowed the most eminent of the chemist^, and 
some modern writers on electricity, in using 

R 3 . tfw 
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the word Jire in its largest senls^, wheh I 
mean either j^re, or lighty or cether. We may 
indeed call it by any of these names, bc^ 
cause the same flaid must be unde^'stood by 
iBvery one of them : though, if Ve were tq 
stand upon strictness and propriety of ex>- 
pression, it would be necessary, on some 
occasions, to use tlie first of these ^ oij 
Others, only the second or the third. Whea 
this fluid is cold ai^d invisible, or appearing 
only in pellucid bubbles like air, as in th^ 
freezing experiment^ let us call it ceiker^-^ 
*Vcaecus ignis expers luminis**" When it 
|>ecomes visible and lucid, it is what ^ 
men have agreed to call light. When it 
gives heat and burns, it is fire. The em- 
ployment most agreeable to me, is to isearcb 
after things^ and try to render them intelli- 
gible : if I can but be so fortunate as to 
make some little progress iii that respect, I 
leave the reader to correct my expressions, 
and settle the application of words at his 
own discretion. If he has had ;patiencc 
enqugh to follow me thus far, I hope he will 
hear me out, while I examine the nature of 
^.nother sort of power, opposite to attraction, 
^nd distinguished by the writers of these 
^im^^ imder the name of fepulsion^ 

CHAP, 
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CHAP. V. 

'Of the Physical Cause of Repulsion ; pat- 
ticularly as this Principle i> applied to the 
Elasticity, of the Ain 

IT is needless to repeat all the instances 
commonly urged, either to illustrate the 
operation, or prove the reality of such a prin- 
ciple as repulsion. The best-known, ^wd 
most universal of these, is the elasticity of 
the air ; the property by which it resists any 
compressing force, and which the great Sir 
Isaac Newton, and others, have endeavoured 
to account for, by supposing a repulsive 
force to be implanted in its particles : for 
' thus, it is presumed, they may drive each 
other farther off, without the intervention 
of any other matter *. 

If repulsion is proposed to us, as a disco- 
very of the cause of this property in the air, 

R 4 common 

'^ ** Which vast contraction and expansion (of the air) 

^* seems, uffintelltgihie, by feigning the panicles of air to be 

«* springy and ramous, or rolled up like hoops, or by a»/ 

. ** other means than by a refuhi've po^w^r^** ^ Newt. Opt, 
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common sense will remonstrate against sncH 
^n impositioir. Experience will teach us, 
that the particles of the air are by some 
means or other repelled to a certain distance, 
and cannot be forced into immediate coiji- 
tact by ftny power we are acquainted with. 
To infotm us this is owing to a repuUionj 
is but to tell us (by using the noun sub- 
stantive instead of the verb) what we knew 
before, namely, that the particles are re- 
pelled. Repulsion is the fact; the cause of 
repulsion is still to be inquired after. 

Mr. Boyle, always ready to offer some 
mechanical solivtion pf what occurred to 
him, supposes the aerial atoms to be a sort 
of elastic spirals, like watch-springs'. Thus 
they may resist any incurabent pressure, and 
naturally restore them3elv^s to their former 
state when that pressure is removed* Ber- 
noulli, who studied the sether in a mathe- 
matical way, gives up this whole affair as an 
inexplicable tnystery of nature *9 when his 
own principles inight have helped hun to 
imderstand it : and Du Hamel, a famous 
(Cartesian, embraces the hypothesis of Mr. 
Ppyle, a§ absolutely necessary -f. 

But if gomiB circumstances aj-e laid toge- 
ther, 

t De Grn'vtU JEther. p. 8K 

t P$ Cotts^ttiu ViU ^ N9Vf Fb\l. p. 229. 
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» 
thar, this necessity will soon disappear ; be- 
cause, if it be admitted, it will carry us into 
very great absurdities. The steam of boil- 
ing-water, as we find by its effects, is equally 
elastic with the air ; and is therefore applied 
to give motion to a fire-engine for draining 
the water out of mines, in the performing 
of which a very great power is requisite. 
The force of this steam in Papia's digester 
is incredible; and, without due caution, 
would burst the strongest vessel. In the 
JEolipile, it appears as an extemporaneous 
air, and its elasticity is as manifest as that 
of the air. Are the particles of water then 
of a spiral-like form ? and is this supposition 
necessary ? If it is not necessary to account 
for the elasticity of water, it cannot be so to 
account for that of the air. Fire, which acts 
upon the former of these, and, by expanding, 
renders it elastic, may produqe the same 
effect in the other *. It would be absurd to 
feign a set of springy particles in water ; this 
fluid in its ordinary state being reputed un- 
elastic : and in fact, no aXithor I have ever 
met with hath been 30 unreasonable as to sup*^ 

pose 

* Aquarum enim quasi vapor, quidam aer habendus est. 
Is autem existit motu ejus caloriSf qui aquis continetur. Cic. 
^e N0t. Dear. L. S« 10. 



]pGse sucl;i a thing. The paiticleii jev^n of 
mercury itself, ponderous as it is, when sub- 
limed by the impulse of fire, i)ecame elaatic 
tike air or water, and will :hurst.thfi v^ssd in 
^hich 4:hey are confined. When a drop of 
mercury is thrown into a naked fire, it jjuases 
sand explodes like water. Is mercury also 
composed of springy particles; or jrather, do 
they not manifestly borrow from the impulse 
of fire all the elasticity they ai^ endued with ? 
For if the agency of the fire be suddenly 
checked, the elasticity of mercury, of water, 
«nd of air also, in its proper degree, departs 
•together with it. 

The true cause of this elasticity hath 
been acknowledged by some ingenious men, 
whose labours were sure to be attended Avith 
Bome success, because they argued with facts 
before their eyes, and endeavoured to exa- 
mine them to the bottom. It is gfeatly to 
he wished, that s^U philosophers would do the 
like. Dr. Shaw, in his useful notes on Boer- 
haave's Chemistry, assures us, without any be- 
' sitation, ** that the active force in air^ which 
^' produces so many eifects, does really all 
!?* arise from the^re contained in it*," And 

Pr, 
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Dn Alex. Stuaxt, iai hih Lectunes on aauscuiar 
««rtitni, which contain some carious obf^erva- 
tions m anatomy amd physics, has the follow- 
ing words — *^ Thus it appears that this expan- 
^^ sion and repulse is not o\nng to the natural 
: ^' elasticity of the air, but to a foreign power, 
^' to wit, that of^re acting upon it;" whicii 
the attthor classes among the species oi fluids, 
Kpisible and obvious to the touch f . 

If it should be suspected that I am taking 
.jw^uge under the authority of others, and 
would thus impose a belief of what may not 
i^ry easily be demonstrated ; only let a blad- 
der, half filled with air, and closely tied about 
the neck, be brought near a fire : it will im- 
mediately swell ; and the elasticity of tlie in- 
.dlosed air will increase, as the action of the 
fire upon it increases. If a bladder were 
-blown quite full of air in the heat of sum- 
mer, and preserved till the depth of winter, 
it will have lost much of its elasticity, and 
i>e shrunk into a smaller space. Thus, if a 
greater degree of motion in the fire gives 
OTd/ae elasticity, and a lesser degree less ela-? 
•sticity, to the same quantity of air; ;the.ele- 
;ment of fire appears to have the direction of 
\|:his property, and is the immediate physical 

cause 

t Philosp Transact, abridge by Martyn, yol. 9^ p. 28 «• 
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' cause of it at all seasons. That iire is al- 
ways intermixt with air in a certain propor- 
tion, is evident from the thei'mometcr. 

This whole affair seems to be in a manner 
80 self-evident, that it would be idle to in- 
sist upon it any farther. However, there is 
a powerful objection or two, to which I have 
never yet seen any reply : and certainly they 
deserve to be carefully examined, because 
they have been thought to countenance the 
doctrine of repulsions^ springy particles^ 8^c. 
It is observable, that a flaccid bladder, 
placed under a pneumatic receiver, will be 
distended when a part of the air is withdrawn 
from the outside of it, after the same man- 
ner as if it were held before a fire, but in a 
much greater degree. If fire is the immedi- 
ate cause of this property, how can the re- 
pulsion increase, when the he)a,t does not in- 
crease? 

Mr. Boyle hath intitled this — ** a disco- 
*' very of the admirable rarefaction of the 
. ** air, even without heat*.'^ But this is not 
► a just and proper representation of the case: 
it should have been said ** without any ad- 
ditional heat," and then there would have 
been no obscurity ; an additional heat being 

UQt 
^ See Bolton's abrigd, V, 2. p. 34g, 
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not requisite upon this occasion. We need 
only appeal to a thermometer placed withia 
the receiver, to prove the degree of heafe 
there to be the same as without in the circum- 
ambient air. This heat is sufficient for the 
purpose, and will necessarily produce a rare- 
l&ction within the bladder, when the vessel 
that incloses it is exhausted. 

So long as the receiver is full of air„ of the. 
same temperature ^vith that in the bladder, 
there are two equal forces counteracting onc^ 
another: there is air within the bladder, 
rendered elastic by the standing degree of 
heat at that time in the atmosphere; and 
there is air equally elastic, pressing exter- 
nally, and with equal force, on the outer sur- 
face of the bladder : so that while things re- 
main in this state, all will be at rest. But 
the effect will be just the same, whether you 
add.more heat to the insidey or take away an 
equivalent degree of the resistance from the 
outside: a rarefaction must follow upon either 
of these changes; and as fire is always ex- 
erting its force, it is easy to predict what the 
event will be, and what in reality it is found 
to be, when the resisting air is withdrawn. 
For suppose two men, of equal strength, 
were pushing^^ one on each side, against the 

door 
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doot of a room, which will open either way: 
it will be the same in effect, whether you add 
another man on the inside, or take away your 
man from the outride ; the door will be o|>ened 
mttvardly in either case. And thus it hap* 
pen^ to the fiaccid bladder upon the air-pump : 
to subtract the resistance from its outer sur- 
face, is the same as to add a greater force of 
expanding fire to its inner. 

A second objection, which hath a plausi- 
ble appearance at first sight, is drawn from 
this observation, that the air in a flaccid 
bladder, carried up to the top of a mountain^ 
will be expanded ; when, if fire be the cause 
of its elasticity, it ought to be contracted ; 
the air being much colder there, than in the 
valley below. This is nothing more than the 
former experiment under a new shape, a&4 
with the addition of a fresh circumstance* 
When we ascend a mountain, the barometer 
sinks: that will cause the bladder to s^welL 
At the same time the cold increases: that 
will cause it to shrink. It is to be inquired^ 
then, what proportion these opposite eflfects 
jbear to one another. The result will be, 
either two equal quantities, or two different 
ones. If the quantities were equal, the blad- 
der ought still to preserve its dimensions : if 

they 
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tl»ey shb^ild prove to bei utktqvaAf the lei^ifl 
must be sabtracted from the greater^ and th6 
efFect will be equal to the remainden ^ 
' in otdeir to adjust this nmttfer froiii tisfjpe- 
limeht, I find myi^lf underrk tlei^diity trf 
iuformmg the reader, that I Oiiee iiHldfe aft 
excursion into the Peak of Dtirbifskire^ Mritft 
the ho{>e of improving^my health, land adding 
something to my Uttle stock of botanical 
knowledge. I took this opportunity to ei- 
dmine the height of some of the mountain^ 
in the peak with a portable barometer, which 
I had made for this purpose, after the pattern 
of that deiscribed by Scheuchzer in hx^Itinerl^ 
Alpina^ with some little improvenfent To 
thii ihstrument I added a mercurial thermo^ 
meter, graduated according to the scale of 
Fahrenheit. Upon one of the highest of these 
mountains, the barometer stood very nearly 
an inch lower than at the surface of the river 
which runs at the foot of it. This was in 
the beginning of June I76O, and the air was 
unseasonably cold, the thermometer standi 
ing, at noon-day, below the point of tcm^ 
peratt. I must confess, the objection now 
before us was not then in my thoughts; 
othei'wise I should have been more exax^t in 
my remarks : but, f o the best of my remem- 
4 braiiee 
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brance, the difference I observed in the thex!' 
mometer^ when I had ascended the top.isilf 
this hin* amounted only to 2 degrees. .^i^ 
Since that time, I had occasion to pr€|>ar6' 
ih instrument, which performs the ofiicet 
both of a thermometer and barometer, and 
raiders all the momentary changes of tho 
atmoil^phere evident to sense ; for when it is 
e:^posed to the shaded air, it is never at rest^ 
but shews such a perpetual agitation of the 
elements, as might suggest matiy useful and 
pleasant reflections ; but they are all wide of 
my purpose upon this occasion. It is suffi- 
cient to observe, that when the barometer 
sinks! inch, the spirits in this instrument 
rise 15 inches perpendicularly ii)i the tube: 
when the thermometer sinks 2 degrees^ 
the spirits sink 2 ^ inches. The motion of 
these spirits being occasioned only by the 
swelling and contracting of some inclosed 
air, we thus find, without much trouble, 
what difference there is between the two 
contrary effects above mentioned. .The e^- 
pansion of air, included in a bladder, and 
conveyed from the bottom of that mountain 
to the top, should have been nearly as 15, 
on account of the sinking of the barometer, 
and the lessening of the incumbent pressure; 

while 
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miiile tt$ contraction, on account of the in^ 
creasing cold, would have been only as S^ ; 
trhioh being deducted from 15, leaves 12^ 
to express the real expansion of the air, in- 
stead of I5i which we may call its potential 
expansion* This difference is so small, an^ 
"lakes so little from the effect, that it would 
TOver be thought of in so groas an expert- 
sent as that of the bladder : and the higher 
tbe moiuntain is supposed to be, the less 
vould any such interruption be taken notice 
of. A barometer would fall about 4 inches 
below its mean station, at. the top of a moun- 
tain, 13&0 yards, or ^. of a mile above the 
kvel of the sea; at which height, the cold is 
usually so great, that the snow lies conti- 
oually. Let us suppose, that a thermometer, 
conveyed in the summer-season from the 
foot of such a mountain to the top of it, 
would fell from 60 degrees to 32, the point 
af freezing* The expansion of some air, in- 
closed in a bladder^ should be as 60 : but its 
contraction by the cold will be as 3 If; 
therefore its real expansion would be as 281 ; 
and a flaccid bladder, instead of shrinking 
into a lesser compass with so great a degree 
of cold, will still be expanded more tha» 
VOL. viii. s twic9 
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tmce 4s much as in the foregoing experik 
mtnU 

These considentiona have made me easf 
in regard to the immediaete cause of the air'i 
ekisticity. I heartify wish they may harir 
the like influence upon others, and get the 
better of all their scruples. If fire^ that imi-« 
tersal and active element, can oecasi<m sttcb 
a property in the air, by a mechanical and 
impulMve motion^ the thing is intdligible; 
By this means we become possessed of oa^ 
important truth in natural phitosofAy, and 
such as may in time direct us to manjr 
cthenk Could it once be shewn^ that air, 
totdly emptied of its fire^ has any of thii 
elastic property in it % it would then be tima 
enough to call in the assistance of repuhian^ 
which is but the same thing with givh^ up 
the point as unintelligible. But unless elastic 
air can be exhibited under such cbcum* 
stances, (whicli cannot be, unless the ther-^ 
mometer be first made to sink 290 of Fahren-t 
heit's degrees below the freeing point, }^er6 
is no more occasion for this quality than for 
that of cohesion. 

To 

♦ Non tantum aer in ignei» transit, sed nnnpiam stn^ 
gne est. Detrahc illi calorem, rigescet, slabit, durabitw. 
Sencc. Nat, Quaest. lib. 9. 



% tl^^Bt wlk&'esc$Mm thiiPnialtef imptt*^ 
tiatly, ti^696 {>oM^I^ wilt ^pe» inei^edibte l» 
thek wiy latere. The cfffeets irlwch afe ex* 
fiameid by attractioA s^id i^ube, do soottm 
^rtay, tlMf?^ are obliged td^sitfpf^Medte'SMM 
(ilArticlei ol i&ateer endu^with botlF; 1rit¥ 
oii& virtue of ^a^ing and allitriiig bodSea^ 
and another of terrifying s»id drivkig th^m 
away at the same time. But how, in the na- 
ture of things^ can two principles, destructive 
df each other, reside in the same subject? 
Repulsion is as opposite to attraction, in my 
way of conceiving it, zs darkness to light^ 
or cold to heat; and it is equally impossible 
fchat the same particle should both attract and 
repe^ as that it should be both black %iand 
n^ite, hot and cold, at the same time. To 
reconcile this, some have invented several 
concentric spheres, or involucra of contrary 
powers, sutronnding the same atom of mat^ 
ter ; so that when other matter approaches' 
the atom, thus invested, as it were, with the 
caoats of an immaterial onion, it meets first 
with a repelling sphere ; being forced some- 
what nearer, it falls in with an attracting 
sphere ; and coming yet nearer, it meets with 
% repelling sphere, to keep it fiom immediate 
contact What a complication of causes it 

s2 here! 
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here ! and »I1 to make one poor atom vibrate 
tiirough less than the lOOOdi part of an inch I 
Xbis can never be agreeable to that simpli* 
'«ity of nature, so much boasted of by all 
philosophel^s ; and if our own semses lire to 
%have any weight, the experience of -every day 
iiiight lead us to something more true> user 
{ill, and intelligible^ 



CHAP. VI. 



TheAppHcdiion of Cohesion, as an unmet 
chanical Principle, serves only to keep us 
in Ignorance. This is proved f torn a plain 
Example. 

TO bring the argumentative part of this 
book to a conclusion, I shall take the 
subject o^ vegetation, and compare it with 
the favourite principle which hath been ap*- 
plied of late years for the explanation of it 
by our systematical writers ; in order to shew, 
by one example out of many, that these pow- 
ers, which have unhappily been substituted in 
the place of thQ true agents, do not only not 

explain 
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explain any effectsj but tempt us to conceive 
falsely of nature, and to affirm what is con- 
trary to experience. My only reason f« 
driving the argument thus far, is to: enoou- 
rage those, who pretend to be guided by u^ 
perifkenty to endeavour at some Ikrther pro- 
gress, and not Jhr ever assert their rig^t to 
Jtopy when they might go farther on with 
pleasure and safety, * » 

When a glass tube of a very small bore id 
dipped into water, or any other fluid except 
mercury, the fluid will be raised to a certain 
height within the tube above the surface of 
the liquor in the vessel ; and its elevation, u/l 
several tubes of different size^ will be reci^ 
procally as the dian^eters of their bores. 

The ingenious Mr. Rowningwill have it— 
*^ it is drawn up hy a tendency it has by the 
^^ principle of attraction^ till the 'surface p^ 
** loaded with as great a weight as that ten^ 
^^ dency can support ^.'* Not to take advan^r 
tage here of the author's terms, (which to 
be sure are unintelligible,) let us for a while 
agree with him; and suppose the inner 
surface of the tube to attract the water, 
*^ i^ence (says he) a RIGHT NOTION of 
/^ the ascent of sap in vegetables 1^.'* 

8 3 I. Now^ 

* Pref. p, n» IS. • ♦ /«4 
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I, Noir, if the mp uc^ds fn BrefpsMA% 
4m tke same poritucipie that irater riseft iii a 
icapillAfjrtube, of WihiGl^he Memsto hsMne.no 
*^oubt ; }et us tak(5 a capillary tubfi, In «4nch, 
4x j^Kanplfi, «^er twiUl be naiaed to the fae%ht 
<£two inches. la the tubesaf aplajit, there^ 
^ttj whose hof»s are of the same iHamet^, 
the sap should be ?aise4 tp the same height, 
but no higher *. On the QontnTy^ I haw 
«)bflerved an heavy and iriscomi |uic$ wsue 
l^entifaHy at the height €^ two fe^ ; aft4 
that out of vesi^ls, com^aderably }ay^ tha9 
the orifice of a cpfirllary tube, m^ithin vhrich 
ipure water woiild ^ot rise to the height tsf 
4kwo inches- It is hardly worth whUe to n^ 
late the history of so easy an expeticiuenti 
^uwever, the plant I m^ this toial n^n, 
5ras a very Jarge specinoen of the Tithynmlm 
;helmeopkiSy ox cammot^st^n-'Spurgef t;|ietriiBk 
4^f which is without a ^oint, a^d waa cut 
Iran&versely near the top of it ; after which 
^a section of its vessels w^ comparedi i{i ^^mU 
^roscope, with a section pf the glass tvibe. 

IL It 

^ Dr. Grew ha§ the ^axqc rcmjirkr-'^ Although we ?ce 
■" that small ^iass~/>ifes, immersed in water, lyill give it ^n 
ascent for some inches ; yet there is a pertain feriody accord- 
/* ing to the hore of the j>ife^ boyond which it will notarise, *^ 
Anat.of pl^ts,!). 1S6. 



IL It is alio to be re^d«d, that the same 
quantity of liquor wiU be suspended in a ca- 

jpiUary tube when its lower orifice is lifted 
out of the water, as was raised into it while 
immersed under the suiface. Did the sap 
ascend into a vegetable on the same princi- 

, ple^ it ought to rest there, and be susfaimd 
by the attractive power of the vessels, when 
the orifices of them are exposed to the open 
air. The contrary to which appears from ex- 
|>eriment: for if a branch of the birch be 
taken off, or a youjig tree be cut quite away, 
^andheld in the same perpendicular posture 
in which it grew; the vessels will bleed CP- 
piously from the bottom, as when a limb is 
cut off from an animal ; and the like will 
Jbappen in many other plants. Again; water 
will neye^' run out at the upp^r orifice (^ d, 
capillary tube, be it ever so short But the 
#tump o£ # vine, as Dr. Hales hath fthe^m 
ius*, wiii,:-»nd up its sap into a tube qement- 
cd upon it, to the height of SO feet aud up^ 

. wards^ These things being considered^ it 

. follows to a demonstration, that the juices 
lurc not attrapted by a plant, but forcibly 
compelled into its vessels. 

Ill* in a capillary tube, it makes no dif«r 
s 4 feren«f 

* 8p^ Vcg, Stat, E3^p, ixma 
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fere noe, whether there is air on the surface 
of the water into which it is immersed, or 
whether the air be exhausted ; theexperim^At 
succeeding equally in vacuo. And the saiide 
ought to succeed in a> vegetable ; to which, 
on the contrary, air is found to be so neces^ 
sary, that no plant can take up itA nourish^ 
meAt, nor will a seed ever genpioate 90 long 
as the air is absent* 

IV, There is no season of the year in whicl^ 
a glass pipe will raise water to a greater height 
than at another ; the effect being just the 
same in the depth of winter, as in the heat of 
summer. But the rays of the sun, or the 
heat of an artificial fire, (which is equivalent, ) 
is so absolutely requisite to the growth of 
herbs, that, in their season for taking in the 
sap, in their stature, and in their qualities, 
they are wholly influenced by the sun's heat 
all oveir the world. The plants which are 
lowest in their stature spring up first ; as the 
little Aconitum hyemaley or winter wolfs-bane^ 
which is the earliest of all ; arum^ chelidfh 
nium minus, violets^ and a tribe of the like 
iw)rt, which seldom attain to many inches at 
their utmost growth, and appear very early 
in the spring. These are succeeded by others 
of a larger size, till at UfX the under-shf ubs 

and 
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tnd trees put forth in their order ; and when 
the sun is at his greatest exaltation in sum- 
jBier, the whole vegetable creation is in its 
greater glory and beauty. Then as the sun 
declmes, this vegetative motion languishes; 
and the order they observed in putting forth 
their leaves, flowers, and fruit, is now in- 
verted in their decay. The tallest trees are 
generally the first that drop their leaves^ 
aoid the lower follow at a proper distance, 
till by degrees the smallest shrubs, except 
the eter-greens, are all stript of their cover- 
ing; and so continue till the sun at hi? rj^ 
tnm puts new life and moisture into their 
veins. But what is all this to the ascent of 
water in a capillary tube ? To apply that ex- 
periment to the appearances in vegetation, 
is to introduce a principle to give us a ri^ht 
notion of every thing, which actually agrees 
with nothing in the whole subject. 

There haft been a fairer appearance of some 

foundation to build upon, had the ascent of 

^e spirits in the tube of a thermometer * been 

assumed 

* <« If in the morning (salth Dr. Hales) while th^ sap 
^^ was in a rising state, there was a cold wind, with a mix- 
f^ tmre of sunshine andcloqd ; when the sun was clouded, the 
f' sap would immediately visibly subside, at the rate of fin 

*< inch 
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^tfsumed as a proper fact to begin with: aad 
yet this, by itself, will fall v«ry fiu-^bort of 
the purpose, though it may bring w 90oiie- 
what nearer to the truth. For, list fi tube of 
this kind be fixed against a wall with a Aortb* 
tm aspect; the fluid contaiiied in it will 
constantly perform Jilce stages with tfa« top 
in vegetables. Should it stm^i ;ttncQiiM90iify 
high for the seasi^n, vegetation will JK^ mimeui- 
turally fqrwar^ ; of which thb Mst winter:* 
jbath afibrdeii us such an ei^ampla a9 pemec oc* 
.curred widiin the memory of m^; vioii^ 
and som$t other planti^, were observed to h^ 
in flower before the expiratioQ of old Dwm-' 
ber. When the thermometer is very low for 
the reason, vegetation will be ^t a ftaxulf 
Bui generally speaking, as the spring ad* 
V/^ivces, it will be higher every month till the 
jgreatest heat of summer ; after whichy whcsf;^ 
the trees begin to drop their leaves, th<!5 ther* 

'ipoiiieter 

^* inch in % minute for sereral inches, if the wr\ continued to 
^ long clouded : but zb soon as the son^bcams bcoke out 
(' again, the sap would irpmediately return to its then rising 
^* state, just as any liquor in a thermometer rises and falls 
** nuith the alternates cf heat and cold: whence 'tis^pro* 
^< bable, that the f^ntifol rise of the sap in the Tine in the 
^' bleeding season is effected tn the same nsqnntr^** Vegt Stat, 
Exp. 39. 
^ 17^0, 
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ynometerwillsiibjMde gradually, till it gets to 
the freezing point ; at and about which th^ 
moiioUrOf the $ap in vfsgetables is at its lowest 

Tbm far we should have been right with 
impect to ih^ agency; though, as to the par^ 
ticcdar pircumstances of it, we should, lail 
without some ferther directioiMu But if we 
lesiyfi out the sun^ aud th|» celestial elements^ 
B8 tmifgj^ i^^m^TDerarj to the natural world; 
juidipt up to explain all the wonders of ve^* 
^gftotioOy with uo better furniture than th3 
imfiigiparyiattractjon of a gl5i3s pipe; we shall 
f^iy^^tp insuperabji^ difficulties of a uewkind^ 
^and jremove non^ of thp old ones that naturally 
l^e^oiig to this branch of philosophy* Thus it 
vjll always happen, when we concept together 
ttbings foreign to one another ; and account 
^r asu hundred experiments by one that hath 
pot be^ accounted for; which is unfortunate- 
ly the case with the (uipillarj/ tube. Thus 
Gilbert, Kepler, and others, accounted for 
all the great phaenomena of the world, from 
those of the loadstone; and for those of the 
loadstone, a formm tantum actu immaterialij 
$eu incorporeo processu*. This magnetical 

philosophy 

* Qilk. de Ua^nete^ 
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philosophy was once in great request, but is 
now wholly disregarded and forgotten. 

I might have taken 04;ea(sion, in this place, 
to examine the affair of magnetism^ and to 
prove, that the effect of the loadstone is, 
1. not owing to any attractive virtue in the 
substance, but, 2. to the impulseof an aether'; 
and 3. that this asther is no other than elemen- 
tary fire- But enough hath already been said 
to establish the conclusion I had in view. It 
was not my intention, in this treatise, to 
compose any thing that should look like a 
system of philosophy ; but barely to settle 
some important preliminariesy which may serve 
as an introduction to the study of nature, 
^uid tempt ingenious men to make some fkr- 
ther inquiry upon mechanical principles. I 
doubt pot, but that those who are conver- 
sant in physical researches, will be able to 
confirm what I have said, with many parti- 
cular artiples from their own observatiou. 



CHA?. 



Il6§ 



CHAP. VIL 

The Conclusion from all the foregoing Argu-- 
ments and Ej^periments. 

IT may be of use now to collect into one 
view, the evidence that hath been offered ; 
and to consider^ at the same time, what, and 
how much, we have a right tq conclude from 
it 

. In the prosecution of this work upon the 
mechanism of nature^ I have endeavoured to 
disprove all that hath been advanced on the 
other side of the question ; and to establish 
the, affirmative, by an induction of so ihany 
positive proofs from nature and experiment, 
as^ may serve to put it out of all dispute. 

1. First, then, it is clear enough that the 
operatiotis of nature may £e mechanical^ not- 
withstanding all the objections, arguments, 
and demonstrations, which have been in- 
vented to support a contrary opinion^ Some 
of these objections are no better than naked 
and unsupported assertions ; which prove 
nothing, but that the authors of them were 
persuaded of what they assented. Other ob- 
jections 



2^0 Conclusion ffcTH alt 

jections afe drawn from the difficuttjf^ viinch 
the learned have found, in assigning a me*- 
chanical cause for scfme particular effects 3 
and these difficulties have been improved into 
absolute impossibilities ; as if it were inApOB«< 
sible for God to contrive, what it is not easy 
for man to comprehend. Cohesion hath beert 
a great difficulty: gravity ^.noth&c difficulty r 
and if there were five hundred more, wouM 
it not be wrong to draw any positive ccmekH 
sion, from what, by our own confessiott, we 
do not understand? The industry and expe* 
riencc of future times, taking all du^advan^ 
tage of some modem discoveries, may make 
some things clear and easy, whicK at pvesent 
arc accounted unfathomable. And man, af* 
ter all his labour in this life^ must expect te 
find many difficulties, and have the mcHtffi^ 
cation to be ignorant of many things. Bnt 
how prepostierous would it be, to begin a 
system with those articles, concerning wKicfi 
we have no certain knowledge! It would be 
like the practice of an architect, who shoukt 
undeitakc to build a church, and begin with 
the weather- cock. 

As to arguments^ the most important of 
all others, and that which most nearly af* 
fects the notion of an^ universal mechanism^ 

is 
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in the proof of ^ vacuum: not only as the po* 
sition itself doth necessarily exclude all se- 
condary causes; but as it pretends also to 
be ^Minded on facts. The barometer sinkg 
when it is carried higher up into the atme^ 
aphere : but the argument, commostly de- 
duced from this experiment, proves so much 
that it proves notliing. For, at this rate^ 
ther« ought to be a vacuum, where our senses^ 
with the help of some common experimentsy 
assure us there can be no such thing. Fire, 
which burns and flames beyond the height to 
which the twilight is extended, will neither 
bum nor flame in a vacuum. Sound also is 
transmitted from thence, if accounts attested 
in the best manner deserve any credit, per* 
hapa more audibly than it would be at an 
equal distance upon the earth's surface. 
These observations will not consist with a 
vacuum : they will only lead us to suspect^ 
that the element of air is but imperfectly 
understood. 

If we go higher up intc? the heavens, there 
again we meet with the phcenomena of comets i 
of the philosophy of which bodies, but little 
more aj^pears to be known, than that they 
disprove the notion of a celestial vacuum r 
for they bMrn, and flames and send out va- 
st pours^ 
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pours, just &s they would dp if t1i^«t> wetti 
pr^ent to them. Sir Isaac N^vrton hath been 
beforehand with us in stating this argument; 
though in opposition to his own opimoA^ 
upon some other occasions^ 

From the resistance of different mediumiV- 
a demonstration is supposed to have arisen f(^ 
the proof of a vacuum, as absolutely necet* 
sary to an undecaying motion. A body, it 
hath been a3serte(f, must lose its motion, by 
communicating it to the medium through 
which it passes : and this supposition is weU 
known to be the foundation of that famou3 
superstructure which hath dona so much 
honour to the geometrical talent of Sir Isaaict 
Kewton. It is upon this account only that 
he will have the celestial spaces to be void of 
all sensible matter ; and thence he takes OC'^ 
casion to introduce attraction and projection 
as the only possible causes of the planetary 
motions. Whereas, in fact, a body may pre- 
serve an equal pace through any medium ; 
and its resistance shall be no argument to 
the contrary, if that medium is appointed to 
act as the immediate cause of the motion. 
Nor is this a bare speculation, depending on 
idich principles as must be committed to the 

courtesy 
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CcmfteSy of the reader; for the thing is re- 
ducible to practice. 

Air is a resisting m<Sdliim ; yet, iiistcfad of 
tetarding the motion of the lamp^machine by 
its resistances it preserves that motion by 
its impulse. And if the nlotioli is discon- 
tinued at last, this is tiot owing to any de- 
fect or irregularity in the causi, but to the! 
impeifection of thcJ materials. If the ma- 
terials, whieh S,re acted upoA, woiild but 
continue in the same state, the niotion irould 
be unretarded, so long a^ iir and fire, which 
are the causes of it, subsist in the world. 

In this experiment, thd causes are not 
artificial arid violent^ as when a dirculal' 
motion is given to a stone whirled ^bout in a 
sling, or to bullets carried about iii a box by 
the revolutions df a centrifugaUtabkj Sfc. but 
^ueh as are supplied by nature itself, in its 
regular riiethod of acting ; which both be- 
gins and continues the niotion. What is 
donie by nature in one cJtse, may certainly 
be done in others. The planets themselves 
may be carried round in their orbits by the 
Same means. The heavens may be filled 
throughout with an aetherial fluid ; not in- 
finitely rarefied, unresisting, and impotent ; 
but dense, and contiauous in its parts s for 

VOt. VIII. T if 
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if suc|i z fluid is contrived, by ttie great 
author of nature, to govern and regulate 
the planetary motions; never let us fear 
that it will obstruct and reta^ the motion 
which it gives. From, all this we have suf- 
ficient reaso» to conclude, that the opera- 
tions of nature may be mechanical. 

2. Nor is it lesa evident that they really 
are so. In all those experiments^ where 
there can be no reasonable doubt about the 
explanation, matter is found to act upon 
other matter, for the producing of the effect ; 
and we are able to trace this in Mich a va- 
riety of instances^ that unless the world, is 
governed by opposite and contradictory prin- 
c^les, the same rule must obtain through- 
out the whole. The body of man^ which is the 
highest piece of machinery in nature, is made 
tosee^ ^xiAhear, sdid speaky upon mechanical 
principles ; and it dies without the constant 
impression of a material force upon it ftom 
the element of air. By the pressure of 
this air, the diercury is made to rise in the 
tube of a barometer ; hail, snow, and vapours, 
are formed in the atmospherical regions, by 
the different temperatures of it : the clouds 
are sustained by it, and driven about to 
water the earth : plants grow and are nou- 
rished 
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tiahed by it : without it, there could be nei- 
ther sound, voice, nor language ; all fires 
would be "extinct ; all animals, whether 
fowls, beasts, or fishes, would perish ; and 
the whole world would languish and de- 
cay. 

For those efFects,^ where the cause is not 
so obvious, a more subtile (ether is provided ; 
the reality of which hath been proved, and 
many of its operations pointed out by expe 
riment. It is capable of being transfused, 
as an element, from one parcel of matter to 
another. On some occasions, it will add ^ 
remarkable Increase to the weight of bodies. 
It will enter the pores, and fill the interstitis^l 
vacuities of all other substances ; and it acts 
i^ith a force, and a velocity, adequate to all 
the eflfects we can desire to ascribe to it. It 
gives an elastic force to air, and occupies 
every space from which the air is exhausted, 
la electricity, it shews itself to be light, and 
will occasionally burn and consume bodies 
zsfire. It is therefore both light and fire: 
light, as it illuminates, and renders objects 
visible ; fire, as it burns, and consumes what 
it acts upon. In the fire of ligjitning^ it 
appears, by plain inference, to consist of the 
aame matter with th^e rays of the si^n} 9, 
T Sh consider. 
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consideration, which, in common with tnany 
others, renders it universal to the whote 
iS3^stem of the creation. 

3. These are the instruments whifeh Gcfd 
hath manifestly ordained, as secondary and 
subservient to his own power, in the aco- 
nomy of the niaterial wOrkl i and they are 
so universally extended, and incorporated 
with other things, as to be serviceable in the 
motion of all its particular parts. Some or 
other, and in many cases each of these, are 
present to all those effects which have fallen 
tinder the obsetvation of philosophers : and 
there are no other causes to be found ; un- 
less we ascribe unintelligible -and innate 
powefs to ineit matter, thereby making the 
effect to be the cause of itself; or can sup* 
pose, against the dictates of reason and com- 
mon sense, that God, who hath created 
these means, hath made it a rule to act with- 
out them. Of these, both art and nature re- 
ceive the benefit in common. What strange 
things are brought to pass by every ordinary 
blacksmith, only by the application of fire 
and air from his forge and his bellows ! If 
he turns these out of his shop, the strength 
of his hands will do him but little service,' 
and the rest must be left to attractions and 

repulsions : 
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repulsions: but iron and brass do not un7 
derstand the force of such philosophy. What 
would the chemist do without his furnaces! 
and his refrigeratories? Hence proceed all 
his separations, sublimations, condensations, 
fixations, digestions, chrys^taUizations, and 
such like. With the help of these natural 
causes, very few things are too hard for him ; 
but without them, his whole art would be 
at a stand. The chemist sees this, and con- 
fesses it : he cannot but observe the uses of 
fire and air witjiin the sphere of hisi labora- 
tory; and is thence naturally l^d tp ac- 
knowledge their uses in the greater opera- 
tions of nature. Hence it comes to pass, 
that there are very few chemical writings 
extant, which will not afford some light to 
a natural philosopher; but, above all othersj, 
the writings of Dr. Boerhaave Qught to be 
valued upon this account. 

What fruit then can be expected from the 
labours of any disquisitpr, where he neglects 
these elements, and would banish them, tQ 
make way for such causes only as can operate 
in a vacuum ? He must of course deface the 
chief beauty of nature ; which is no- where 
so conspicuous as in the dependence that is 

•y 5 establishecj 
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established between effects and their ciiuses ; 
and must empty the world of its matter and 
mechanism, only to fill it with diffiqultiea 
and mysteries. If he destroys the connec- 
tion between the parts of matter, be must 
present us with such a picture of nature, as 
pan resemble nothing but the bones of a 
• iBkeleton, which cannot stir one step upo^i 
natural principles ; whereas the work of Go4 
is worthy of its author, and the frame of 
pature is a perfect and well-connected bodyi 
furnished with all its proper muscles anc{ 
ligaments. The bones are united, moved, 
^nd lifted by the inuscles ; if i^n anatomist, 
in describing the wonders of the human 
frame, should leave out these, he miirt suppose 
the bones to move themselves; after which, 
he might go on to argue against the muscles, 
us things useless and unnecessary, mere obr 
stacles to the free and easy motipn of the 
bones within their sockets ; and then he 
would philosophize just as they do, who for- 
get that fluid matter of t|ie heavens, by 
'^v^hich all other things are moved and coi^-^ 
nected together, and place occult powers ii^ 
the ^olid matter of the celestial orbs. 

Tp O^void falling Into ^ny errors of thi^ 

kind, 
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Icind, I have taken care to ftign no arWtrary 
and abstracted idea of liature ; but have ex- 
amined it wholly as a matter of fact^ and have 
hitherto argued from observation only, in 
order to make such a sketch of its out-lines 
as shall be like the original. And a strong 
likeness hath often been hit by a very in- 
different painter ; while some finished pieces, 
which have shewn a masterly hand, might 
as well have passed for the figures of some 
fictitious characters in a romance, as for the 
persons who sat for them. With regard to my 
own reputation as a writer, I am perfectly 
easy ; for it was neither my design, nor my 
desire, to exhibit a pattern of eloquence; 
but to add some little matter to the common 
stock of useful knowledge. It is in this 
light only, that I could wish to have my 
labours accepted. As to the author himself, 
the learned, I hope, will find no reason to 
look upon him as one who would dictate to 
those who are better able to instruct him, 
or to impose a belief of any thing which 
is not supported by plain argument and 
undeniable evidence, If they do him justice, 
they will regard him only as a fellqw-' 
inquirer softer thg^t truth which they also 

T 4 arQ 
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aire desirous to find; aud will attend ^o 
him a3 to pne who takes great delight in 
the works of God, and but little in a;iy 
work of his o^. 
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BOOK IV. 

9%e Judgment of Antiquity on thp 
System of Nature : together with the 
Sentiments of some Modern Authors 
qfthe best repute. 



CHAR If 

/Some Gefieral Observations on the Learnipg 
of the Ancients. 

TO what hath already been deduced fron^i 
observation and experiment, let u^ 
now try if we can add the sanction of some 
clear and indisputable testimonies from anr 
tiquity. This inquiry will be useful and 
pleasant in itself; and the result of it, I hope, 
will be satisfactory, as it may serve to repel 
any charge of novelty, which, if it were 
well-grounded, might be urged with some 
success against the doctrine of the mech^mism 
pf the world, and the influence of material 

causes^ 
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causes. For, as I have pretended that these 
, things are equally plain and important^ there 
could be no better objection against them 
as such, than that mankind should have been 
left to this day in ignorance of them. 

For my own part, I have always been per- 
suaded, that, in our judgment of physics, a 
|>roper regard ought to be paid to the con- 
^urnmt testimonies of ancient writera ; who 
had, in many respects, the same oppoi'tu- 
nities that we hat^, and made it their prac- 
tice to derive their knowledge of things 
from evidence and observation. IJow far 
they were able to c^rry their observations, it 
would be difficult to shew with any toler-^ 
Hble precision ; farther, I think, than they 
are allowed to have done by the general 
j^tream of modern writers ; some of whom 
•ve weak epough to believe, that Avisdom is 
<a child newly born, though the world is 
jiow in its dotage. 

Thus much, however, is certain and in- 
disputable, that there are innumerable ap* 
pearances and operations in nature, which 
^re subjected to the eyes and senses of men, 
(tough unassisted with some inventions of 
^rt, which are usually reckoned peculiar to 
the latter ages ;, and as nature isi consistent 

with 
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with itself, from these svch a judgment' 
jnight be formecj concerning the whole, as 
/should be subject to no materjial errors, 
though it might £^1 short of a matbemati^ 
cal exactness. 

The skill of the ancients, in mechanical 
larts, is generally confessed to have been vexjf 
great ; and there are some such monuments 
of it still remaining, both great and small, 
as their sons at: this day would find it har4 
to exceed, or eveii to imitate. And it is 
well k90wn, that, in three branches of science, 
very pearly allied to natural philosophy, their 
attainments are the foundation of modeni 
learning. Their geometry and mafhematics 
ought to be remembered first u{>on this oc^ 
.pasion ; the principles of which are derived 
from the writings of Archimedes, Euclid, 
^poUonius, and some other authors. And 
many of the most valuable parts of mathe** 
matical learning seem to have been more 
ancient than tTie names of the writers to 
whom they are ascribed. The Greeks were 
always notorious for pretending to invent;, 
what, it is evident, they were at the pains to 
glean up among nations more ancient and 
wiser than themselves. The story of Pytha-r 
goras sacrificing an Hecatomb, when he had 
% found 
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found out the forty-seventh proposition of 
the First Book of Euclid, looks very sus- 
picious, and hangs so badly together, that 
the whole seems rather to have been a fiction. 
For, liQW could that philosopher sacrifice an 
hundred oxen^ who made it a point of con- 
science never to sacrifice any living creature ? 
It is more probable that his geometlry was 
imported, together with his astronomy ^ from 
the Egyptians*, among whom he had tra- 
velled in search of wisdom and learning. > 
But it is a matter of no concern to the 
present argument who were the inventors; 
thus much being certain, that the anciente 
were actually in possession of all the most 
considerable and useful parts of the mathe- 
inatical sciences. It h^th b^en suspected, 

from 

yawit^piav ^sw^r^^cClai xat ra m^pi res a^i^fjiss, an h rr^v 
fig mcLV tfjDOytr^s ^^X'l^ ju,e7afoAy/y, [Jt^ex^siv tsa.^* Aiyvirriujy^ 
Pytbaforas learnt fr^m the Egyptians his knowjledge of 
hieroglyphics or symbols, bis geometrical theorems, his mys^ 
teries and po*wers of numhersy and also bis doctrine of the 
transmigration of io«/f .^— This is part of a famous passage in 
the first book of Diodorus Siculus, wherein that historian 
confesses;! that the Qreeks borrowed both their philosophy 
and mysteries from the Egyptians. It is quoted by Eusc- 
bius, Praep. Evang. 1. lO. and is printed at the end of the 
works^of Qlemcn$ Alexandrinus, 
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from some idle expressions among the poetsy 
that the ancients judged the earth to 'be a 
Jlat surfactj and that the sun every evening 
went hissing into the western ocean. Whereaa 
it is known to those who inquire farther, 
that their mathematicians always held the 
earth to be a sphere^ as we do now ; and some 
pf them, from the earliest times of which 
we have any account, endeavoured to find 
out the measure of a degree upon its sur-^ 
face*, by the meridian altitudes of stars 
near the zenith ; a problem, in the solving 
of which the French aftronomer» laboured 
so much some years ago^ 

Then again, as to their knowledge of j&Ay*fCj? 
how venerable are the names of Hippocrates^ 
Aretasus, Celsus and Galen ! and, what is 
worthy of observation, the author, who ia 
the most ancient of these, is deservedly the 
beot reputed. Where the moderns take ad- 
vantage of these writings, and form theif 
judgment after the model of antiquity, it iB 
always found to answer : and a physician of 

good 

♦ This hath very htdy bten takettnoticeof in Mr. Stone's 
supplement to his new edition of Bion's book on the cw^^ 
sf ruction and uses of mathematical i/tstrumefittf p. 3 i 8 ; • 
treatise that ought to be in the hands of aU loyers of nn^ 
chanical and mathematical aits« . . 
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good abilities, who takes this course/ is ^tirtJ 
to do honour to that profession, which of all 
.others is one of the most honourable. 

The modern anatomy is chiefly distin-* 
guished from the ancient, by a knowledge 
of the circulation of the blood : and yet there 
are passages in some ancient writers, which 
•eem so nearly to describe it, though indeed 
with no great accuracy of expression, that 
I confess I am not anatomist enough to see 
. fully where the difference lies. They appear 
to hare known, that the blood is thrown 
mta the heart by the vena cava^ and is dis^ 
tributed again, from the same fountain, to 
all the different parts of the body *. Whether 
they did actually infer, that it returned again 
to the heart through some capillary inoscula- 
tions 

* Lapsus cibns^-^in earn venain, quae cava appellator, con. 
ftnditor, perque earn ad cor confectus jam coctusqoe per- 
)abitiir : a cordt autem in totum corpus distribMitur. Cic* 
4e Nat« Oeor. lib« 2. cap. bb. 

In corde — quatuor orificia, bina in utroquc vcntriculo : 
alteram quidem inducit, alteram vero educit — ^per alterum 
jMf/guis trahitur, per alterum ewtittitur* Galen, de usu. 
fart. L 6. 

It is ofaservaUe, that Plato, in his Timaeus, aa quoted hy 
LoDgitms, styles the heart vrf^ rs n£PI#£P0M£N0X 
€foS^S ouiAolosm Long. p. 170. edit. Pttxce* 
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tions of the veins and arteries *, may indeed 
be questioned ; and I would leave this to be 
determined by the physicians, whose read- 
ing is more extensive, and whose proper pro- 
vince it is to judge of such things. 

But 

* That the blood hath sach a circulation as diis, espeu 
cially in the lun^s, seems to be affirmed by Galen in the ^ 
lowing words, which I would desire the learned reader to 
consider: they are quoted by Harvey, Exercit. anat. U 
cap. 7. In tots est mufua ana Homo sis (inoscnlatio) tUque 
Qsculorum afertto artertis simui cum 'veuts ; tramumuntque 
ex Sise fariter sanguinem & tfiritumy fet invisibiles qmau 
dam atque angustas plane viat, &r* That Galen kneir 
the arteries to be filled with iUod aa well as the veios, is 
clear from his own experiments* *^ Hippocrates" (says Dx. 
Boerhaave) ** has had the honour given him of knowing the 
'' circulation, first by Riolan, and then by Drelincouft 
'< and others ; but it is certain, t|iat if he understood the 
<( blood's motion, he has expressed himself so unintelligibljr 
'< about it, that his acutest interpreter, Galen, did not 
" thence so much as suspect that the blood had a circulating 
*' ceurse," &c. See Dr. Boeih. Academical Lecturet^ 
yd. 2. p. 38. of the English translation.— Thus far' we 
must agree with this learned author, that if the ancients 
had a knowledge of the circulation, their expressions upon 
the subject are at least defective, if not uninteiligibte* 
And it hath happened, in many instances, that the truth 
hath never been sufficiently cleared up and established, until 
it hath been expressly disputed. Certain it is^ that die 
Galenists did absolutely deny a circulation : in opposition 
to whose system, the truth was either restored or discofoed 
hf tbe solid reasonixy^s and experiments of Hatfcj* 
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JBut when I speak of the wisddnt of thei 
aheientSy it is chiefly with a view to their 
knowledge of Astronomy : for, although it 
may be doubted, to what original we ought 
to refer the whole merit of the invention^ it 
is clear enough, that the true solar system^ 
revived by Copernicus, and confirmed af- 
terwards by the telescopes of GalilieOj was 
well kno\^n to the astronomers of antiquity, 
who obtained it frofn Egyfit arid Phoehicia. 

1 cannot help observing, upon this occa-^ 
sion, what a mischievous thing authority is^ 
when it hath once gained a footing among 
those who search after the knowledge of 
nature. The name of Aristotle, and the 
example of king Ptolemy, gave a currency 
to a most unnatural and absurd system, 
and kept the world for many hundred years 
in a statjB of darkness, from which it was 
tecovered at last, not without great dif- 
ficulty and violent opposition. There was 
a pleasant instance of a philosoplier at 
Florence, whose prejudices had taken so 
deep root, that he could never be persuaded 
to look through one of Galilseo's telescopes, 
lest he should see something in the heavens 
that might disturb him in his belief of Aris- 
totle's philosophy. 

' Thj< 
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This same Aristotle informs us, that ail 
astronomical system, contrary to his own, 
was maintained by those of the Italic sect, 
Vho were called Pythagoreans: for these, 
says he, assert that fire is in the midst of thci 
World, and that the earth, moving as one of 
the stars, performs a circuit round this cen- 
tre, by means of which the changes of day 
and night are brought to pass. And the 
, same author adds^ that many others beside 
the.Pythagoreans judged it improper to place 
the earth in the centre of the world ** 

Archimedes delivel*s it as the opitlidn and 
doSrine of Aristarchus Samius^ that ''all 
' ' the fixt stars and the sun are without mo- 
'' tion : that the earth is carried round the 
** sun in the circumference of a circle, of 
** which the Sun itself is the centre: and 
** that the sphere of the fixt stars is so im- 
** mense, that the circle of the earth's an- 
** nual orb bears no greater proportion to it^ 

VOL. VIII. u ** than 

* 'Evavriws 01 ws^i tfjv IraKnav xaAov/tevof ft Tlv9ct*/ogeiot 
Ksyovo'ir* Eiti [ui^ ^ot^ rov fji^tas mv^ sivat ^otcrivj rr^v Sb yi^f 
Sf rcuy aorpwv ovarav xuxXca fsfoiJi.iyfjv vtm ro jXffirov vvivM 

• htf TTj yyjTrif TB [Ji^ecrov y(wfO(,v aifoMoyxt. Ariil^ de Cmlfh 

h 2* C. 13. 
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'* than the centre of any sphere bears to its 
'* whole surface*." 

Laertius and Stoba&us ascribe the same 
doctrine to Philolaus. By the latter of these 
we are informed, that he ^* placed fire in the 
** middle of the world, at the centre, and 
** called it the^bcw^ or hearth of the uni- 
V verse t-"^ From this philosopher, Plato is 
reported to have borrowed rauch of his 
'knowledge ; and, according tb Plutarch, he 
repented toward the latter end of his life 
that he had iK>t followed him in this article 
-alsa 

Lastly, Seneca mentions it a3f a tjuestioB 
worthy of contemplation, * ^ whether the uni- 
*^ verse revolves, the earth being at rest; op 
^^ whether the earth moves> while the uni- 
'* verse is fixed? For it hath been mamtainid 
** ^ some^ that we, the inhabitants of the 
^* earth, are carried about by an imperceptible 
** motion-; and that the rising and setting 

•'of 

* Archim. Arenar. lib^ i. 

+ ^ikoXxog ixrv§ sv i^sa-uj xarg^i To KSvY^ovy vffs^ eariay,r3 
iffavros kolXsi, Stob^ ms^i rci^* rn xoarfjts* 

In his chapter crg^i ova-ias aa-r^cvv, &c. he observes of the 
mathematicians, that some followed Plato j while others as- 
Sfrted the jun to he in the middle of the fworid — ^atnv /xsffjy 
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'* g( the stars is not occasioned by a motion 
*^ of the heavens, but that we ourselves rise 
*' and set here upon the earth *;" 

The ancients therefore were acquainted 
Ifirith the disposition of the world according 
to the true! solar system i and there is*littlc 
doubt but that the Ptolemaic hypothesis was ^ 
tiovcl in comparison of it; a scheme rather 
adapted to the prejudices of sense, and the 
liorrupt philosophy of Aristotle^ than esta- 
'blished in the world for any intrinsic merit 
of its! own, or any rational conformity with 
nature itself. How plain and natural does 
the Copernican sj^stem appear, now the in- 
dustry of man hath been sufficiently employed 
upon it! and how easily nlight it have been 
retrieved much earlier, if astronomers had 
not given up their understandings to what 
they never were able to make any sense of! 
Men are always jealous enough of their bo- 
dily liberties, and are too often ready to claim 
a right of judging and contradicting, where 
they ought to be obedient; while they tamely 

u 2 give 

* Utrum mundus terra stante cifcumeat, an mundo stante 
Urra vertatur* Fuerunt enim qui dicerent, nos esse, qu6s 
rerum natura nescientes ferat, nee cocli motu fieri ortus & 
occasosj sed ipsos oriri & oc(;idere, &c. Nat. Qusst* lib. 7* 
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give up the liberty of the utiderstanding to 
those who have no right to demand it, as 
Aristotle certainly had not. And yet his 
very name did once convey an idea of all 
that is great and wise, to those who followed 
like a swarm of bees, and would shew an in- 
vincible affection, even for a drv unfruitful 
stump of a tree, if their leader happened to 
light upon it. It was owing to that idle un- 
inquiring spirit, which possesses most men, 
that the nations conquered by his pupil 
Alexander, were less numerous, and less sub- 
missive, than the subjects of Aristotle ; in 
the days of whose dominion, common sense 
was in a manner buried and overwhelmed by 
a verbose wisdom, which employed itself only 
in distinguishing, subdividing, and disput- 
ing about its present stock of matter ; not 
in the making of such experiments, as 
might have corrected what was amiss, and 
supplied what was wanting ; because the at- 
tempt would have derogated from the praises 
of Aristotle. 

The memory of Nicolaus Copernicus will 
always deserve to be regarded, in that he was 
the first who dared openly to set a better 
schqme on foot, in opposition to the furious 
prejudices of the age he lived in : and it is 

the 
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the greatest praise of Descartes, that his la- 
bours, for a time, gave a finishing stroke to 
the tyranny of scholastic learning. The di- 
vine providence itself seems to have favoured 
and seconded the attempt of Copernicus, in 
raising up Galilaeo, to demonstrate, by his te- 
lescopes, some articles not very easy of diges- 
tion, which Copernicus could only assert 
upon principle, without being able to con- 
firm what he said by such sensible proofs as 
the cause seemed to require. And Galilseo 
himself had piety enough to ascribe this sud- 
den and wonderful turn of things to that su- 
preme power*, by whose direction all useful 
discoveries and improvements of science are 
n>ade to arise, at those times and seasons 
when his wisdom sees them to be most expe- 
dient : though, perhaps, in strictness of truth, 
it may be more proper to term these restora- 
tions of science^ than original discoveries. 
And the farther I inquire, the more 1 am 
tempted to believe, that, even in this sense, 
nihil est sub sole novi. 

These things are worth considering be- 
fore we enter upon the succeeding chapters:' 
for there must needs be a. fair prospect of 
U 3 finding 

♦ — Ope perBpicilli a me excogitati, di*vina frlus iUumU 
na/tte grand* Galil. Sjfdtr, N«»f. p, 10, 
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finding some very discernible footsteps of % 
true philosophy among those writers, fronj 
whom the true astronojny, after piany age$, 
was so happily recovered. And, in fact, we 
shall find them declaring so expressly, and 
almost unanimously, for the principles I havq 
endeavoured to dedupe and justify from ob- 
servation, that, if I had bepn aUowed to inr 
vent such- expressions as should agree be$t 
with my own sentiments, they would have 
been just such as I q,m ab|e to produce. 
Some examples of tjiis \ h^ve. already given 
in the foregoing part of this work, by throw- 
ing a few passages occasionally into the mar? 
gin. I ought ipdeed to make some a^logy 
for setting out to view so many Greek and 
Latin quotations, in a treatise written in 
English. But hoW' is it possible for me to 
avoid it? for we cannot have the sentipient^ 
of the ancients without their languages ; of 
which, however, I shall disturb the text of 
my book with as littl^ as possible. 



CHAP. 
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CHAP. IL 

Testimonies from the principal Authors of 
Profane Antiquity among the Greeks. 

PLATO, who was the head and founder of 
the Academics, and without exception the 
greatest and most amiable philosopher among 
the Greeks, whose sentiments also, in regard 
to natural philosophy, are supposed to have 
be^n the same with those of Pythagoras*, de- 
nies a vacuum upon all occasions, and asserts 
in general, that *' fire and heat beget and 
' ' G O VERN all other things f. " Where he 
descends to particulars, as in the dialogue 
that bears the name of Timseus, he accounts 
for the animal functions from an intertex- 
ture of air andfire^ acting throughout the 
whole frame of the body. To fire he ascribes 

u 4 the 

* Plato is reported to have borrowed the doctrines in hia 
Timaeus, from the writings of Fhilolausj a scholar of Py tha* 
goras, These writings (as Hermippus relates) he purchased 
at the extravagant price of 4Q Alexandrian minac of silver. 

+ To yoL^ be^iuov re ko^l isjv§ o ^rj' xai r aWa ysvvx K«4 
enr^oTi^evsi. Theaetet. 
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the office of expanding within^ and acting 
through the body outwards ; while the ele- 
inent of air compresses from without^ aiid 
counteracts the force of the internal fire. 
By the ministry of these causes* ^ and thp 
impossibility of ^^vacuum^ a perpetual circu- 
lation, as it were f, is kept up, through the 
motion of the lungs in inspir^^tion ^nd respiir 
ration. The effects observable in gravitating 
and prqjected bodies, as also in amber and 
the lofldstone, he imputes to the action of 
the same elements, and supposes them to be 
brought to pa3s after a mp^nper analogous to 
that abov^ mentioned : for, in all these cases, 
he observes, there is really no such thing as 
nn attraction X\ but the causes already as- 
signed will be found, by those who inquire di- 
figently, to effect all these wonders of nature 
by their reciprocal impulses, 

In another part of the same dialogue, 
speaking of the manner in which vision is 
performed, by the mediation of elementary 
fire and lijght, he says, ** These are the ^erp/ir 

*' dari{ 

* Ai$ yj^wiusvov AITIAI2, 
+ T&yro way oiov rf o%oy ws^iayoi/^sva yiysra4, 
J Havrooy rt^twy pAKH fji^ev wc sariv shvi morsm 
N« B. This passage may be consulted at large, as well in tl^e 
Eclogue Pbysic^e of Stobiei|s, as in the works of Plato hinir 
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^^ dury and co-operating causes which God 
^* makes use of as his ministers, for the finish^ 
** ing and perfecting of his work. Most 
■^ men look upon these, not as the secondary ^ 
** but as t\it primary causes of all things^ in- 
^' asmuch as they occasion heat and cold, can 
** effect the cohesion and dissolution of bo-r 
*' dies, and perform all other things of this; 
** kind*." This passage, while it suits my 
purpose, and shews how deep Plato was in the 
mechanism of nature, is superior and con* 
trary to the opinion of this author himself on 
some other occasions f , and supplies us with 
a yaluable testimony against the idolatrj'^ of 
the heajthen world in general, who exalted 
the creature into the place of the Creator. I 
know not how to account for this sentiment 
from the mouth of Plato, unless it be taken 
for one of those many articles, which this 
great philosopher, to use the words of Serra-* 
BUS — aliunde ex meliore doctj^ind acceperat, 
Cicero, speaking of the ancient Piatonists, 

relates 

* Taur* ouv ina,vr ecrti fwv ^vvairiwv, 0^$ 06og vn^j^ETovar^^ 
yj^fftai^ Tf^y rou a^nrrov - x,aroi ro ^vvarov iSexy airors\cvvm 
Ao^al^erai ^' vjto rwy wXs^arwv a ^uvatria. aXK* aina sivau 
rcjuv nravlwy, \J/y;^ovra x.ou ^e^fj^ouyoyra, anjyywvra rs xo^ 
^ia;^«ovra, kou ocra roiavrei dnrs^yciCfiiuBya. 

+ For the truth of this rcfle3^ioP| consult Cicero dc Nat| 
Peor. lib. S. c. is, 
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relates in few words how they treated tjie 
subject of natural philosophy. ** They di- 
^' vided nature into two parts, one of which 
*' was active J the other passive. Thfy held 
*Mt impossible for bodies to cohere, unless 
*' they were kept together by some force; 
*' and that it was necessary this force should 
'* be exerted by some matter. In distin-^ 
*' guishing the several uses of the elements, 
** they attributed to air and fire the power, 
'^ of givii)g motion and causing eiFpcts;, 
^' to earth and water a passiveness, or dis^ 
*' position to receive their impressj^on* *." 
Cicero seems here to Imve borrowed his sense 
from some passages in Ocellus Li^cauHs, Oi 
Greek author of great antiquity, who was a 
disciple of Pythagoras. He reduces all the 
different parts of the universe to what he calls 
* ' generatio7ty and the cause of generation ; 
■^ the latter of which, as observation teaches, 
** hath the power of moving and effecting; 
^* while it is the oflSce of the former to be 

' ' passive, 

* De naturS autem ita diccbant, ut earn dividerent in res 
duai : ut altera esset effic'tem^ altera autem quasi bu'tc u 
frahem — nequc enim matcriam ipsam cohaerere potuisse, si 
nulla vi contineretur ; neque vim sine aliqua materilL. — 111^ 
initia elementa dicuntur ; e quibus atr & tgnu movexvdl vim 
habent & effidendiy reliqux partes acapiendi, 8^ quasi patifMf 
4h aquam dico & terram, Acad, Quaest. lib, 1, ^ 
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^* passive, and receive motion. Heat an(J 
^^ cold, which (according to his own inter«-^ 
'* pretation) are the ivvufiuq or faculties of 
'* fire and air, are the causes and efficients ; 
■^ the dryness and moisture of the earth and 
** water afford them materials to work: 
** upon*." And this agrees with what Her-: 
mias, the christian philosopher, gives us as the 
opinion of Pherecydes the Syrian, who drew 
his learning from the books of the Phoenix 
cians, and is reported to have been the teacher 
of Pythagoras, that ^* at her is the agent, 
^ ' earth the patient t- " 

Zeno, who was the leader of the Stoics, 
taught, that ** nature is supported byan eler 
*^-mentary fire diffused through all the part$ 
-^ of it J : that there is no vacuity, the world, 
*^ being so completely united in itself, that 
* * there is a connexion and harmony between 
- things celestial and terrestrial <§. 

This! 

♦ ^OLvs^ov Qti '^e^i fLsy t^jv amoLv ryjg ysyr^(r6uj^ To moisii^ 
}iai Mvsiv eari, IIs^i $e to h^of^evov rr^y yevsa-iy fo 'osa.C'/siv 
9icu to KivsKT^at. Ocell. Lucan^ cap. s. To /^£v ^£p/x,ov Tcat 
^l/v^^oy u}$ ama, x.at 'uroirjriKOLf ro h Jijf ov kou vy^ov cos ^^^ 
fcai moLirjfix.x. Ibid. 

+ O jutfy au$e§ to moiavy tj h yyj ro woL^yov, Bochart, 
(Geogr. Sacr. p. S2d6. 

\ Cic. de Nat. Deor. lib. 2^ 

§ Diog. t^aertf Zeno. 
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This mechanical connexion between flic 
distant parts of the universe, M^as ingeniously 
expressed in a figure of the great Diana of 
the Ephesians, still preserved upon some an- 
cient coins *. This idol, the same with the 
Egyptian Isisf, was plainly intended to re- 
present the whole system of nature. Her 
body is closely wrapt up and concealed from 
the head to the feet, under a variety of hiero- 
glyphical ornaments, to signify the Jirst 
matter of the universe hidden beneath the 
external forms and figures of things. (See 
plate IIL fig. 3. page 196,) In her open 
face is the splendor of the day ; her veil be- 
hind shews the darkness of the night ; her 
multitude of breasts, the fertility of the 
earth, which, as a fruitful mother, suckles 
and supports all her productions : her hands 
spread out, express the efficient power or 
agency of the superior elements ; and to 
shew that these act only by means of me- 
chanical impulses, and a connexion with even 
the most extreme or lowest parts of nature, a 
chain is carried down from each hand of the 
image, and connected with its feet The 

sense 

* See Menetrii Symbol. Dian. Ephes. p. 10. 
wfa^ytiy, Diod. Sic, ubi supra. 
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sense and meaning of this chain may be well 
expressed in the following words of a critical 
author of great learning — In mundo ratione 
nulla esse potest vacuum — etenim nisi nexibus 
7nutuis colligaretur universitas, nee mundum 
natura contineret nee regerety nee partium in^ 
vicem ullaforet societas*. The golden chain^ 
let down from heaven to earth by Jupiter, 
requires the same interpretation ; for Plato 
hath observed, that by this chain Homer 
.meant to speak of the sun^thsA is, of the 
power and influence of the sun upon ter- 
restrial things f. 

If the sun .really does act upon bodies at a 
distance from him, it must be by means of 
such a chain of matter. It was upon this 
consideration that Vossius rejected the c^- 
iiion of those *' who supposed the cether to 
•' be nothing but a great void,^ m which the 

** stars- 

♦ C«L Rhodigin. lib, i. c, 7^ 

XsyBi^ Thestcet. See also Macrobius Iq' Somn. Scip. lib. r« 
But Pierius ha$^ an observation more to the purpose than an^ 

. ) hare met with* — Juno catena de calo ab Jove tvipeusm^ 
i^ lapides pedibus alligatos ha bens, ab HotoCToJtnptur; ha 
ut unum fedem contract'torem habtat attero. ^^ imago 
fuatuor elementorum sjmbolum est. Juno en'tm ipsa aerem 

. signijicat .*. catena ignem, quo cetera colligantur^ &c* Fior. 
Hieroglyphica. lib. LIX. 
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** stars performed their courses : than ^hicli 
** (as the same author observes) nothing can 
'* be more contrary to reason. V6t it is ne- 
** cessary the heavens should ht of a£ Co^po- 
** real substance, that they n^ay act upon in-* 

'**ferior things; which cannot &c without 

•'* either immediate contact, or the hiterven- 
*^ tion of some substance extended from thef 
** one to the other. Hence the system of 
** the world must be continuous in its parts, 
*^ or at least contiguous, that things abdve 
**Tnay communicate their light and heat to 
** thingis below *." So agreeable is this both 

"-to itason and observation, that som« writers, 
who, in all appearance, sat down with a reso- 
lution to maintain a vacuum^ hate at times 
yielded to the remonstrances of common 
•sense, and relapsed into this doctrine of 
Vo^iuF, tlrough in direct opposition to their 

' own 

* Multorum ea foret opinio, quod sethera cticimus, nihil 
^ dilrtid esse, qaam magnum inane, per quod sidera suum con£. 
cefent cursum. Quos interea nimium quantum ratio fugit. 
Nam necesse fuit ccelum corporese esse substantias — ut sidera 
agere posscnt in inferiora, quod fieri non poterat sine con- 
tactu, sive is per sc foret, Sc sine corporis alterias interventu, 
sive per aliquod fieret intermedium. Ut necesse sit, omm'a 
▼el continua esse vel contigua saltern, quo superiora possint 
inferioribus impertire lumen ac calorem suum. Voss, deOrig< 
& Frogr. Idol. lib. 2. p. 256. ... 
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own principles. We had an instance of this 
in Book 2. chap. 3. But lei us proceed with 
our inquiry. 

After the Academics and the Stoics, the 
Peripatetics were most considerable. Arit§- 
totle, their founder, though mistaken in some 
things, was wise enough to concur with the 
best philosophers of antiquity in disbelieving 
and rejecting a vacuum. He attributed to 
nature an universal abhorrence of a vacuum^ 
and accounted for many effects upon this 
principle, the merit and meaning of which 
it is not worth while to enlarge upon in this 
place. Against those who ins^isted on^ u 
vacuum as necessary to motion, he rightly 
argued, that *^ a plenum is capable of be- 
^Mng so affected, as to consist very well 
^' with the motion of bodies in it : for its? 
''parts may yield mutually to one another, 
'' and give an easy passage to bodies, though: 
*' the space in which they move is full of 
*' matter. Of this, (lie tells us) we have 
*' an instance in the circumgyrations of con^ 
*' tinuous^ bodies, and also of fluids. Nor 
'' does it follow that there is a vacuum, be- 
'* cause some masses^of matter may be com- 
* ^ pressed into lesser dimensions ; for if water 
*' should be forced into a smaller j^ce, the 
S '' air 
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'* air it contains would be forced out of 
'^it*." Aristotle might have added^ that 
if air is compressed, the fire is forced out 
of it; the same rule being observed in all 
. cases of this nature. 

It is very probable, that Descartes might 
take an hint from this passage, to obviate 
that imaginary necessity for a vacuum, with 
which he was occasionally pressed by son^ 
learned men of his own time^ He supposes 
a number of solid spheres to be disposed in 
the form of a circle, and all of them in con-^ 
tact* One of these spheres cannot be moved 
forward in the circle, without moving all 
the rest ; so that the place of the sphere first 
.moved shall be instantaneously supplied by 
that next behind it : and thus the motion 
may be continued, though there is abso- 
lutely no void interval between any of the 
spheres f. We l)ave an example of thi% when 
we gave a circular motion to water or mer- 
cury 

* AXKoia&ixi yag ivh^/frou ro tffXij^s^ aXXa & .ov$e rr^ 
xxra roTtov Tuyrjtnv* af/.a ya§ vire^ievou «XXijXo<^ evh^steui 

xivtfjxsva. Ka< r6vr6 h]Kov tlcli ev rous ruiv cuvs^ujy ^iveu$f 
HDfTiee^ xoLi ev rott$ r^y vy^wvd EvSs^stat $s xou wvxyov(riat 
fLr) BIS 7*0 xje)fOVf aXXa $ia ra evoyla sKieu^YjVil^siy, &c. Aristdt^ 
Phys. lib* 4. c. 7. 

i Du Hamel de coiteensu Vet« & Nov. Ptul. p^ 128# 
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cury contained in a cylindrical vessel : the 
parts, though in motion, will still preserve 
their connection, and will occupy no more 
space than when they were at rest. The 
motion we are now speaking of, being vorti>' 
calj yielded an illustration most agreeable 
to the physical plan of Descartes: but a 
mption in the several parts of a plenum, is 
by no means limited to the form of a vortex ; 
for, when a liquor is fermenting^ an intestine 
motion is generated among its parts in ail 
directions, which will continue for some 
days ; and if the liquor is set to ferment in 
a transparent vessel of glass, the sight is 
very curious. How very ill the continuance 
of such a motion agrees with the vulgar in- 
ference from the theory of resistance, I leave 
the mathematicians to consider. 

From Aristotle let us go next to Hippo- 
crates, a man almost deified for his know- 
ledge, by those of his own times, though he 
was not the master of any particular sect of 
philosophers. He had enriched his mind 
from the experience of earlier times, and de- 
rived a considerable part of his own skill 
from a diligent study of nature. His opinion, 
in general, may be learnt from the following 
passage : ^ ' The element oi'air has a dominion 

VOL. vjii, X '^over 
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*^ over the human body, and is the principal 
** source of all things that happen to it, 
** whether good or bad. Its power and in- 
** fluence deserve well to be accurately ex- 
*' amined ; for wind is no other than a cur- 
*^ rent of air rolling along in impetuous 
^* waves, which are so violent as to tear up 
** trees by the roots, raise the waters of the 
*^ ocean into a storm, and overwhelm and 
** sink the largest vessels to the bottom 
*^ of the deep: such and so great is the 
** power it exercises, though at the same 
*^ time it is not an object of our sight, but 
^* manifest only to our reason. What are 
** the effects to which air is not necessary? 
** or in what place is it not present ? All the 
*' space between the heaven and the earth 
" is filled with it. It is the cause both of 
*' the winter and the summer. In the winter, 
"it is condensed and cold ; and in the 
*^ summer, it is mild and serene. The sun, 
" moon and stars are directed by it in their 
*^ courses; for air is the aliment of fire, and 
'* fire that is deprived of it becomes extinct: 
" so that the sun itself has a perpetual mo- 
" tion by means of a pure and perennial 
"air. The sea itself is impregnated with 
* ' this element, because the inhabitants of 

" the 
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** the water cannot subsist without it: in a 
** word, it sustains the moon in its orbit, 
*^ serves as a vehicle'^ to the earth, and no 
^' place is void of itf." 

This author having ascribed so much to 
the air, you may suspect, perhaps, that he 
has left no room for any other physical agent. 
He speaks, however, as explicitly in other 
places of an universal ^re ; and particularly 
in his book de dia^ta, wherein he affirms, that 
this element *' disposes all things in the 

X 2 '* body 

♦ O^rjijiM, which is the word here, being rarely used for 
any thing but a carriage moving by land or water, for all 
the kinds of which it is a general term, (as see Jul* Pol* 
Onomast. lib. l. e.g. lib. 10. c. I2.)'sli0vl\d imply ^dottoft 
in the earth ; bat 1 know not how to reconcile this with 
what goes before, concerning the 5^poju,o; y)\i8s or course of 
the sutiy unless we suppose Hippocrates to have alladed^ not 
to the motion of the sun's body, but the emission of his light, 
to which the word r^Kid^ hath sometimes been applied. Thus 
in Mimnermus orgpj j3<8 it is said— oo'oy r* titi yy^v HihctroLi 
r^c\ios; quamdiu super terram spargitur solf which must 
signify the light of the sun, as surely as Homer meant the 
light of the morning, where he says — Hwj jxev xf oxoTTfTrXo^ 
sKi^vocIo 'DJOLora.y 2it* aiocv. And Sallust, the Greek philosopher, 
observes yet more expressly — Toy rjXisrrjy c^aifav, koli rr^v 
airo ryjs a'(p(xi§as axrivx HAION ev cuvrj^sia, kolXoviusv. De 
Diis 8c mund. cap. 4. 

+ Ovlog h (aij£) ^eyiarfos strriv ev aifaci twy cvifyjtlujiJ^Oim 

T'wv ^vvocgrryjg to — Ksvsov $s ovhy BQ-riy raroy. Hippoc. 

deflatibus, p. i. 
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^^ body after a manner proper to itself, and 
'* according to the similitude of the universe, 
*^ so that small things are like to great, and 
*' great to small : that it is most powerful, 
*' hath an universal dominion, and governs 
*' all things according to the order of na- 
*' ture ; while itself is silent, invisible, im- 
'* perceptible in its operations, and in per- 
*' petual agitation*," 

Thus far we have followed Hippocrates as 
a naturalist. If we consult him as a theo- 
logist, he will tell us, that this^re is divine 
and intelligent, endued with mind, reason, 
and wisdom f, and to be understood as the 
fountain of these to all other beings ! He 
confesses himself to have believed, that whait 
is called heat^ is immortal and omniscient, 
capable of hearing and seeing, and ac- 
quainted with all things both present and to 
come. This, he adds, is what the ancients 
understood by astherp He speaks of the 
, air 

* lioLvrcL hsMo'ii.Y^a'OLlo kolIcx, r^OTfov avxw scuth ra ev 
<ru}fx.ari ro IIYP, airo i^i[jt,r^(nv row 0\ov, [j^ix^a vr^og [jusyaXa, 

xai i^eyaXa is^og [^ik^oc, la-^v^olarov mv^, oits^ mayrujv 

BTfiK^ocresrai, ^isifov aitavra, KCcioL (pvariv* a^o(pov xou oy£/ xou 
\J;ay(r£i— — o'j^exora ar^B^iXfiv* Hippoc^de Diseta* p, ]]• 

+ Ev rslo \I/y%ij voog (pgoyrjo'is* Ibid« 

J Nyy $£ OLTfo^arivoi^gii avrog ef^sa^vrbyYcofj^o^g' $o)isi Ss y^ot 

xa« 
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air in the same strain, as endued with Tnind 
and understanding, giving sense to the brain 
as well as motion to the limbs *. 

This doctrine opens to us the whole secret 
of the pagan idolatry. The philosophers of 
the heathen world were well acquainted with 
the influence of these elements over all other 
things : and being ignorant of the true and 
living God, judged it to be impossible that 
air and fire could perform such wonders 
unless they were divine, and therefore wor- 
shipped them universally as immortal and 
intelligent. This is the error which Plato, 
having by some means obtained a better light, 
so clearly condemns, in that memorable pas- 
sage, where he speaks of physical causes; 
But it was an error so deeply rooted, that 
this sublime philosopher himself was not alto- 
gether free from it. 

Phurnutus the mythologist confesses plain- 
X 3 ly 

xaX£OjX£voy ^e^i^ov aAoLvciloy eivcci, nai yoBiv woLyTOL, %cu 
o^r,v xxt ax,ov£iy* xou eihyoci tffavra, ra oyloc km f^eXXoyrx 

sascr^OLi oyoiJi^rivai ^oi avro hKsovtriy oi Uakauot aiis§a. 

Hippoc, de carnibus, p. 1. 

* Aijf — sio'iuy s$ toy eyx.e^aXoy — ntjy ^poyijo'^v kou t^v 
yuyYj(riy roi<n [ji^sXeffi wa^gp^f/, De morbo sacro, p. 9g. bs f^ 
Cifj[LX ayti^yafai o arjg, KxlaXiTtouv By I'm BfKBfaXw Bocvrou 
njy axju^ijy, xa< on av sr, <{>f oy/]xoy ts kou yya;|Ex,ijy f%oy. Ibid* 
p. 93. 
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ly enough, that the Jupiter and Juno of the 
Greeks were Jire and air *. The former he 
describes as the soul of the worlds and ima- 
gines the human soul to consist of the same 
substance. Their sxcir^ZoXog Apollo, in the 
utmost sublimity of its meaning, did cer- 
tainly express nothing higher than the light 
of the sun; as it is evident from all the 
epithets and attributes ascribed to this deity 
by the ancient poets and mythologists. Ma- 
crobius, with a great compass of learning, 
and as great an appearance of truth, reduces 
all the gods of the Gentiles to the various 
effects and operations of the sun. If the 
reader should have any desire to be farther 
acquainted with these things, I would re- 
commend to his perusal the Treatise of Phur- 
nutus upon the nature of the gods, and a 
part in the first book of the Saturnalia of 
Macrobius, from the beginning of the seven- 
teenth 

• See the 2d and sd chapters of his book de Natura 
Deorum — Ignis enim, id est Jupiter, Sec, Fulgent. Mythol. 
lib, IIL c. 7. — Juno posita est in similitudinem arris. 
Antiqui enim ipsam Jo'ois, id est Ignis, uxorem & sororem 
.dixerunt. Albricus de Deor. Imag. cap. xi. 

Turn Taier omnipotens foecundis imbribus ^THER 
Conjugis in gremium Isetae descendit, & omnes 
Magnus alit ixiagno permistus corpore foetus. 

Virg. Georg. lib. II. 326. 
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teenth to the end of the twenty-third chapter : 
from all of which, he cannot easily fail of 
imbibing some taste for the heathen mytho- 
logy ; a branch of the ancient learning, very 
curious in itself, and not without its useful- 
ness, when it falls into proper hands. 

As the Greeks borrowed both their learn- 
ing and their religion from the Egyptians, 
it is highly probable that the philosophy 
and theology of that ancient people must 
have coincided, even from the earliest times, 
with these placits of the Grecian sages. And 
this is confirmed by the most early account 
we havft of the Egyptians, in the sacred 
wTitings. For the miracles in Egypt seem 
to have been chiefly calculated to assert au 
ovef-ruling power of the true God, and dia- 
tinguish it from the above-mentioned philo- 
sophical objects of the heathen worship, 
which were no other xior better than the 
works of his hands, though ignorantly and 
profanely dignified with the exalted attri- 
butes of omniscience and eternity. The 
Lord is said to have executed judgments 
upon the gods of Egypt *; which I cannot 
but suppose to have happened, when their 

X 4 light 

* Numb, 33. 4. See also Exod. 18. 11. which is very 
express. 
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light was turned into darkness; the wind 
brought locusts, and scattered the ashes of 
the furnace over the whole land ; the heavens 
sent down a storm and tempest upon them, 
and fire ran along upon the ground, de- 
vouring and laying waste the fruits of the 
earth. 

These elements they worshipped, not, ac- 
cording to Plato's excellent distinction, as 
secondary instruments in the hands of God, 
but as the primary causes of all things, and the 
supreme governors of the world, denying and 
rejecting the supremacy of that God of the 
Hebrews, who created the world in t4e begin- 
ning, does now sustain the powers of nature, 
and will at last overthrow what they vainly 
believed to be immutable and eternal. It does 
not fall in with my design to say any thing of 
the other miracles ; though they may easily 
be accounted for from some circumstances in 
the history ; whence it will appear, to those 
who consider the case attentively, that this 
cruel and oppressive people were punished by 
the very things wherein they had offended; 
as it was observed long ago by the author of 
the apocryphal book intitled The Wisdom of 
Solomon *. 

The 
* Sec chap. 11. V. 6. 7. 16. 
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The philosophy of the more modern Egyp- 
tians is hardly to be collected from any ex- 
press testimonies, involved as it is under 
the obscurity of emblems and hieroglyphics ; 
which those who have undertaken to ex- 
plain, as Horapollo, Pierius, Kircher, and 
others, appear to have understood but very 
imperfectly. The safest way, therefore, is 
to collect the general intention of it, from 
what the most early philosophers of Greece 
'borrowed from them : the substance of which 
we have seen already. 



CHAP. III. 



ISome Observations on the Remains of the 
Chaldaic Philosophy. 

OF the Chaldaic philosophy there is little 
remaining, but a few fragments and 
mutilated passages; in which, however, there 
are some valuable hints, from whence a to- 
lerable idea of it may be collected. 

In the oracles of Zoroaster*, mention is 

made 

♦ Inserted in Stanley's Lives of the Philosophers, from 
Franciscus Patricias. 
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made of an harmony or melody of the aether, 
of tjie sivn, of the moon, and of all things 
that are surrounded iy AIR*, Whence it is 
clear enough, that the ancient Persians and 
Chaldeans had no opinion of a vacuum; 
having thus filled all space with air, and 
what they called an alUnourishing ait her, to 
which they joined an intelligefit and life- 
giving Jire-f. 

Some moderns, who have refined upon the 
theology of the pagans, and interpreted their 
creed so favourably as to make it differ but 
little from the christian, doctrine, have sup- 
posed they worshipped Jire only as an em- 
blem or image of the deity, as the romanists 
make use of pictures to enliven their de- 
votion: but the contrary is strongly to be 
suspected, from the attributes they ascribe to 
it. For this fire is no dead image of a supe- 
rior intelligence in the Deity, but is asserted 
to be endued with an intelligence of its own; 
it is nu^ vos^Qv, wvf ^cofi^Q^ov^ irxi^ <pmvo9, 
^vx^ »o'a wur^O'T'^udupuTog re fjuvu, icoti ^onj^ 
SecrsroTifig sg-i — Intelligent fire, life-giving ^re, 
splendid f re, the soul of the father — remain- 
ing 

* AiSprjg jLLfXof, rjsXiov re, ff^Xf^vr^g re, xa* ocra ijsfi o^/ye- 
+ IloLvror^o<fQ^ aii^Yif^—'—Zunfjfopov Hup, 



on the System of Nature. 315 

ing immortalj and the Lord of life — which ex- 
pressions are too high to admit of any thing 
superior. You may indeed render votaov by 
the word intellectual, which will give a dif- 
ferent sense; but from the whole tenor of 
these oracles such a construction would be 
unwarrantable. 

I hope I shall not stand in need of an apo- 
logy for wandering thus into the depths of 
the theology of the heathens, while I pro- 
fessed only to collect their sentiments on 
natural philosophy. For it is conspicuous 
enough, that philosophy is here so metamor- 
phosed into divinity, that it is scarce possi- 
ble for me to separate them. With these un- 
enlightened idolaters, wise enough as natu- 
ralists, but miserably blind and ignorant of 
things spiritual, God and the xvorld were but 
one and th<j same thing; and this persuasion 
gave birth to the whole science of astrology^ 
for which the Chaldeans were so much 
famed ; so that if we desire to obtain their 
judgment on nature, we are under a neces- 
sity of taking their theological doctrines 
along with it. I must therefore beg leave 
to go on a little farther upon the same plan, 
as there is something in these remains of Zo- 
roaster, 
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roaster, worthy of being brought out to the 
light. 

His philosophy included in it a kind of 
physical trinity, which is evidently made up 
of the powers of nature, and will serve to 
teach us, what he supposed these powers of 
nature to be, even the same as we have already 
found -and established from experiments. 
It was a principle of this philosopher, that — 
Tlccvrt Bv xmfJLta XafjLTret T^tccc, fjv Movotc ^PX^' 
— a triad sh^neth forth throughout the world, 
over which ah U7iity presides. This monad or 
«;/zVymustsignify the^^^w; theAssyrians, (that 
is, the Chaldeans,) according to Macrobius, 
having worshipped him under the name of 
A dad, which name, as He tells us, signifies one 
or unity *. As to the triad, I should despair 
of unravelling so great a mystery, had not 
another fragment of the same Zoroaster pre- 
serves its intcfpretation — 



Uepio^f r§iros aXKos o$ sv Uvpi rr^v ^$ova ^aXitsi* 

As these were undoubtedly designed for hex- 
ameter verses, a word is plainly wanting at 
the beginning of the first line, which, ac- 
cording to the sense, the measure of the 

* Satum. lib. l. c, 23. 
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vei*se, and the poetic dialect here made use 
of, must have been HeX/y * : tlie sense of the 
whole therefore is this — The sacred course of 
the suTiy or light y is the Jirst power ; in the 
middle there is an aerial power ; and a third 
is that which cherishes the world withjire. 
^ Experience will teach us, that natural ef- 
fects are immediately governed by these in- 
struments of the divine power; and the an- 
cients appear to have been well apprized of 
it. But what a miserable use did they make 
of this valuable treasure when they had got 
it ! Here they stppt : this physical triad, by 
a strange perverseness and abuse of reason, 
furnished them with a pretence for denying 
that supreme power which gave birth to all 
things, and is of a nature independent and 
distinct from the world of matter. 

On the contrary, the fathers of the chris- 
tian church, having shaken off the prejudices 
of paganism, and being better informed by 
divine revelation, were always very severe 
upon the Gentiles for dishonouring God by 
that vain philosophy which supposed him to 
be coequal and coeval with matter, a soul of 
the world, a tertium quid made up of matter 

and 

* A^oi^os r^\iQ is the phrase used by Hippocrates, see 
p. 203. 
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and intelligence *. Among the rest, Eplpha- 
nius, a learned and eloquent writer of the 
fourth century^ has some remarks in this way 
upon the various sects of the Gentile philo- 
sophers t; and was so happy as to rescue this 
physical trinity from the ethnic abuses of it, 
and apply it to its proper use, as an emblem 
and shadow of the divine personalty. Speak- 
' ing of the coequality and co*efficiency of the 
sacred trinity^ against some of the primitive 
heretics, he says — Are not these three persons 
to be understood by every one^ as they are ap- 
positely revealed to us by lights JirCy air; andy 
I think, by some other similitudes also of visi- 
ble things, as man, whose understanding is 
thus ministred unto, is found zvorthy to receive 
them^} 

As I have endeavoured, upon another oc- 
casion, to give some proof that my concern 
for this sacred and fundamental doctrine of 
our religion is very sincere, I could not help 

speaking 

* Qiiid enim aliud est natura, quam DEUS, & divina 
ratio toii mundo & partibus ejus inserta ? Seneca de Bcnef, 
lib. 4. 

+ Epiphan. Op. vol. I. p. 12. edit. Colon. 

J 0: He V r^ia ravra ovra, exairro; ol^kjos vooiLEvot, kol^w; 

c'j'jtol aTroKcz/riTrrei (foo^, zzrv^, xcvgLpa* xai aKXa.15 oitioii 

Id. vol. I. p. «()1. 



anfke System of Nature. 3 1 9 

speaking of this as an hint to ground an ar- 
gument or rather an illustration upon from 
nattere: and am persuaded it might be im- 
proved, very much at large, to the enter- 
tainment and satisfaction of those who can 
take dehght in so subhme and deserving a 
subject. But as I do not admire digressions, 
I must content myself at present with only 
proposing it as an article both ancient and 
curious ; and leave a more particular prose- 
cution of it, either to another hand, or at 
least to another opportunity. 



CHAP. IV. 



Some Extracts from two Authors among the 
Latins, Pliny and Seneca : with some Re- 
flexions on the Democratic System. 



A 



MONG the Latins there are some pieces 
still extant, which treat professedly of 
nature; as the natural history of P liny ^ and 
the natural questions of Seneca ; the latter of 
which is the most complete work of the 
kind that is come down to us from anti- 
quity. 

Pliny 
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Pliny was certainly no friend to a vacuum; 
he rather chose to foljow the judgment of ear- 
lier times, and understood the heaven and the ^ 
air as two names for one and the same thing*. 
And lest we should mistake his meaning, he 
subjoins, that every space which looks like a 
vacuuniy is, in fact, a promptuary of this ele- 
ment. The earth and the planets float in it, 
and are supported by the strength of it: it 
passes through all things, and makes a part 
in the composition of all bodies f. 

He relates it as the opinion of Posidonius, 
the mathematical preceptor of. Cicero, that 
the region of the winds, clouds, and vapours, 
is extended to about 40 stadia above the le- 
vel of the earth's surface ; and that thence- 
forward, throughout the higher regions, there 
is a pure and liquid air, with an undisturbed 
light %. It is worth remarking, that this an- 
cient geometer hath fixed upon the altitude 
of 40 stadia (which make nearly 5 Italian 

miles) 

* Ccelum appellavere majorcs, quod alio nomine aera : 
omne quod inani simile vitalem hunc spititum fundit. Pltn. 
Nat. Hist. Yih. 2. C.S8. 

+ IhU. c. 5. 8c 6. 

^ Posidonius non minus quadraginta stadiorum a teri^ al- 
ticudinem esse, in qua nubila ac venti nubesque proveniant* 
Inde purum liquiduroquc & imperturbatae lucis acrem, Ibid^ 
c, 23. 



im ihelSystem bflSTdiuM. 821 

miles) for the extent of the atmosphere; this 
being the veiy quantity that comes out, if 
equal spaces in the atmospherical column 
should correspond to equal parts in the co« 
lumn of the barometer: whence it scenes not 
improbable, that he was possessed of some 
experiment for discovering a counterpoise to 
the pressure of the atmosphere, though his 
inference from it was not so correct as it 
ought to have been. 

In regard to jffre, Pliny assures us, it had 
never been doubted, so far as he was able to 
find% that the elements are four in number, 
iand that fire is one of them *« This fluid is 
present in the human body, in wood, in 
stone, and even in water itself* Nature is so 
replenished with it, from the immense fire of 
the sun and stars, clouds, burning moun- 
tainS) and fiery exhalations from the earth, 
that it ought to be esteemed as the greatest 
of miracles, that a single day should pass 
without a general conflagration of the uni- 
verse f- 
Another physical writer among the Ro- 
voL. VIII* Y mans, 

♦ Plin, Kat. Hist* lib. i. t. 5* 

*f Excedit profectQ omkia . mrmeuta^ utlum Jum /uhse, 
pio n§n CKHCta tonflagrarcni^ Ibid« €« 107« wt th& whote 
chapter* 
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mans, \h Seneca; who^ asserts positively' 
enough, that there is no Moh a thing aa a 
vacuum in nature''^ : that a mediutfi. must be 
concealed within the mosib solid bodibt^ be^^ 
cause sound would not otherwise bi^ /rum-' 
mitted through themy as it certaikly v^\* 
Sonie philosophers would beobjectk^^ that 
a bird could not fly through the aiiv. ^nlttss 
there were a vacuum between, its purtickt^ 
Seneca affirms, on the other hand^ tiiat the 
several parts in a line of matter caosot pos- 
sibly aflfect one another without catetinnity if; 
a position which excludes the- whok system 
tff immaterial attractions and repukio&s: and 
that the continuity of water is^not hindrance 
to a free motion of solid bodies in it; be- 
cause it is the nature of fluids to yield, and 
Jiow backwards, with a cantrarp motion into 
the spac€ deserted by tke momng body. Upon 

which 

* Nihil enim usqusen Inane t^U Nat« Q^xst. 1. 3* 
c. i6. 

f Vox autem qui ratione per parietom xnunimenta trans- 
niittitur> nisi quod solido qaoque aer inest. Ibid* 1; S-, c p» 
Thi» isone of Du Hamel's arguments for a suktile ^^tbtryin 
favour of Descartes ; and more, I believe, might be said 
upon it, than he was aware of« 

X Nanqoam enim contexti, nisi per uftitaUm, corporis 
nisus C611 com partes €9mseutii^i ad intentioiieflEi debent, k 
conferre <uins. Lib. 2. €• 6* 
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Which consideration, there is no necessity for 
an interspersed vacuum *. 

Of the airy and its influence as a physical 
cause, he speaks nearly in as high a strain 
es Hippocrates himself. He goes so far as 
to impute the cohesion of our bodies to it, and 
therefore must undoubtedly have been ac- 
quainted with the pressure of the atmosphere^ 
of which the ancients are supposed to have 
been altogether ignorant f. Where the at- 
mosphere ends, it was his opinion, that a 
purer csther begins, and is extended from 
thence to the sun and stars ^ And lastly, 
lie held, that what is called ^re occupies 
the whole world §. 

We see, then, what hath been the general 
l^ense and doctrine of the ancient philosth- 
phers, concerning the operations of nature. 
When I had determined to consult theh: 

Y 2 judgment 

* Aqaafum quoque slmilin faciUtas est : nee de mitafie 
illarum diibiam e^t^ qiue sic corgora accipiant, ut semfer 
in contrariuM acceftis reJiuaut'^Nibll autem of us erit inani 
admtiU. Lib. 2* c« ?• 

+ Esse autem onitatem in aete, vel ex hoc intelligi po- 
test, quod corpora nostfa inter u cohareant. Q^d eaiib 
aliud est qaod tenet ea, quam spi^dis ? Ibid, c, 6« 

% Lib. 2. c.^ 14. Lib. i. c. 2. 

$ Dicimus aatem ignem esscj qui occupet mundum* Lib,^8. 
C. 13. 
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judgment upon this important subjetet, f 
perceived it was necessary to confine myself 
to these few leading questions — Whether 
they had found the world to be full ^ empty 
of matter ? JVhat offices they assigned to the 
different elements, of which the material 
world consists ? And, to what causes in spe-^ 
cialy they thought ft to ascribe the immediate 
production of natural effects? Had I not 
thus prescribed to myself some certain limits, 
my inquiry had been both endless and un- 
meaniiig; and the design of the present 
work being such as to include only the 
causes of motion, or first principles of natural 
philosophy, it would have been impertinent 
to have followed the ancients farther than I 
have done. The main substance of what 
I have extracted from them, agrees so 
..WiBll with what we had obtained before, by 
an examination of nature itself, that the 
conclusion at the end of the preceding book 
will never be suspected of ntwelty, by those 
who have had patience enough to follow me 
through the several articles of this collec- 
r^tion ; and some, perhaps, may be led by 
this course to entertain a better opinion rf 
i;|s trut^i- 
But i|^ now behoves me to confess, that 

the 
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the ancients have been applied to for their 
suffrage, in behalf of some principles widely 
different from those for which I have here 
been pleading. Dr. Clarke, in his second 
reply to Mr. Leibnitz, thought proper to 
insert the following observation:— *' Many 
*^ ancient Greeks, who had their philosophy 
**from the - Phoenicians, and whose philo-. 
*^ sophy was corrupted by Epicurus, held 
*^ in general matter and vacuum; but they 
**knew not how to apply those principles 
'\by mathematics to the explication of the 
^^ phmnomena of nature.'' Who could these 
Greeks be? Neither Pythagqras, nor Plato, 
nor Ocellus Lucanus, nor Thales, nor Zeno, 
nor Aristotle, whose names were most ancient 
and famous in natural philosophy, are found 
to have acknowledged these principles. But 
he that is aware of Dr. Clarke's manner of 
representing things, will not be surprised, 
when he discovers, that these many ancient 
Greeks were the Democritic atheists; who, 
by the help of an internal power or gravis 
fating force in atomSy and a vacuum wherein 
these atoms might have room enough to 
move without being resisted, had dexterously 
contrived to account, as well for the forma- 
tion fis the preservation of the world, without 

T 3 B. Divine 
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a Divine Pretoidence, If the clearest te8tim<H 
^ies are of aaiy weight, the brftins of licucip-i 
pus and Democritiis were &st dd^TC^cd of 
this philosophy. Such asi it is, you have a 
copious account of it in Laertius's life of 
Epicurus, and in the poero of Lucretius; 
who, in defence of his "oacuuntj wisely ar* 
ffues against ^ fuct, because he could qot 
understand how that should be, which really 
w *. This Stystem included some subtile spe- 
culations, concerning the sizes and figures 
of the first principles of bodies, 2^d the ap- 
pearances that may arise from them, which 
are not without their use : and hence the 
followei's of it had the denominatioii of At6^ 
mists, or Corpuscularians. This branch of 
their scheme was probably very ancient and 
of good authority, and has^ I believe, been 
cultivated more or less by the philosophers 
of every age. It was revived in a particular 
manner in the la^t century ; and Mr. Boyle, 
to whom we are so greatly indebted, was 
very fond of solving effects from some cer-^ 
tain configurations of the primitive particles 
of bodies. But how effects can arise, merely 
from a configuration of the parts of matter, 
I see not : and it seems as unreasonable to 

form 

♦ JLmcret. lib. 1, 371, I/Iud In his rebus^ &c. 
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^rm M, solutioH wholly and altog^her upon 
l^uch a speculation, as to deduce the demo- 
lidoa of a fort from the spherical figure of a 
catinotL-bullet ; which indeed is of a form, 
fitted for its flight through the air, as it 
comprehends m(ist weight under the least 
surface ; and of a size best adapted to the 
cyliadrical cavity of the gun: but must 
remaia inactive within it, till it receives 
motion from a proper agent, the considera- 
tion of which is infinitely more important 
than the figure of the bullet, though that 
also is by no means to be neglected. 

Thus far the Democritic method of philo- 
phizing might be both ancient and inno- 
cent ; but this, I presume, was not the part 
upon which Dn Clarke set a value, as he 
jdid not think it worth mentioning; nor 
could it indeed be of any service to the ar- 
gument he was upon. \t recommended itself 
to his attention, by its doctrines of a vacuuifi^ 
and an inherent quality of motion in the 
parts of matter ; by which it differed from 
the best and niost universal philosophy of 
antiquity, and was distinguished as a foun- 
dation for atheism, 

The derivation of its pedigree from Phoe- 

jlicia is altogether groundless, and is suf- 

y 4 ficiently 
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ficiently refuted in what we have seen al«» 
ready ; as also by what is affirmed of Thales, 
ihtjirst among the Greeks who travelled 
into that country in search of natural philo- 
sophy, and maintained, that there is no such 
thing as a vacuum in the world. Plutarch, 
who informs us of this, adds upon the occa- 
sion, Xhzt all philosophers^ but the Atom\&tSy 
who denied a Providence^ agreed in this rfflc* 
trine*, 



CHAR V. 



The Sentiments of the most eminent (f the 
modern Writers, subjoined to those of fhf 
Ancients, 

OINCE the supposed discovery of a vai» 
*^ cuum, some have confidently affirmed^ 
that natural effects are no way to be acr 
counted for, but by the power of the Deity 
immediately interested ; and either the rear 
pon of ma^, or the reason of things, is so 
altered, that what did serve formerly as 4 

grounds 

t Peflactt. philo^. !• 1$, 
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ground-work to atheism, is now recommend- 
ed as the only sure foundation of natural 
religion ; as if it were impossible for God 
to act by secondary causes, without tempt- 
ing us to believe, th^t such causes were 
able to contrive and frame a \rorld without 
his interposition. Those who object to second 
causes, upon any pretensions to religious 
motives, must imagine surely, that matter, if 
there is but enough of it, can move, act, 
and think, by its own nature. If it cannot, 
we are in no danger of excluding a divine 
power, by filling the heavens with a fluid 
medium : if we suspect that it can, then we 
make ourselves materialists, that is atheists, 
in order to confute atheism more effectually. 
So that this triumph of natural religion over 
atheism, is either affected, to serve some 
hypothesis^ or grounded upon too hasty a 
judgment of things. 

An infallible criterion of simple and abso- 
lute atheism, is the exclusion ol^Jinal causes^ 
If you can fix upon two or three of these, 
which are clear and beyond dispute, as that 
the eye does not see by accident, but was- 
contrived for seeing, and such like, you an-r 
iswer all the atheists that ever were or ever 
will be; who are no better than sots and 

ideots, 
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Meots, if they can 9tand out against the 
testimony of their own senses, for you 
prove, by a single step of reasoning, that 
there is a divine mind or wisdom, that bath 
wrought with a view to certain ends^ which 
it hath attained in the most perfect maiiner4 
This topic is well pursued by Cicero, in ^ 
beautiful and masterly draught of the wisr 
dom and design that appears in the various 
yrorks of the creation. It makes a Gonsit 
derable part of th^ second book de naturd 
deorum : and, in my opinion, this discourse 
so f^^r as it is a confutation of atheism^ is 
abundantly sufficient for that purpose, and 
complete enough in its jwgument, without 
?iny farther additions, 

But all this, though unexceptionable mA 
unanswerable, is obvious (as it ought to be) 
to every capacity: it is plain, easy, and 
old-fashioned ; therefore all men are not 
pleased with it. If you will follow their 
new prescriptioa, you must bring yourself, 
in the first place, to believe a *oacuum ; thq 
^teps to which are not understood by oqe in 
a thousand: then you are to remove the 
notion of actio in distansy which in the last 
age h^d some gresi-t authorities on its side : 

then 
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th6n you arrive at this conclusion, though 
jiot without a considerable stride, that God 
himself is the sole agent, to whose imme* 
diate power, ex elusive of all secondary agents, 
the lowest effects in the world are to be ira-t 
puted. And if these things are so, then it 
follows, that there is a God, and you triumph 
over atheism. But in the mean time, if 
your foundations should be weak, and ex- 
periment should overthrow yours arguments 
for a vacuum, the capital trqth of natural 
l^ligion, as you have contrived to state the 
matter, will be in a very precarious situar 
tion. No good, therefore, can acGrue to. 
^religion, from this method of contutm^ 
^theism; and some danger is alwa}s t / \'>t 
apprehended from new and empirical puojccMi 
\n divinity. 

Of this the excellent Lord Bacon vvas 
truly sensible ; and there is not, in the v/ hole 
course of his writing, so heavy a censure, 
as that which he thought proper to pass upon 
the error now before us, *^ Certain it is, 
(says he) ''that God worketh nothing in 
** NATURE but by SECOND CAUSES: 
** and if they would have it otherAvise be- 
^^ lieved, it is tpere imposture^ as it were in 

^' fiivour 
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'* favour towards God ; and nothing else 
" but to offer to the author of truth, the 
** unclean sacrifice of a Zee*." 

It is observed by the same author, with 
that brightness of expression so familiar to 
him upon all occasions, that ** heat and cold 
** are nature's two hands^ whereby she chiefly 
^ xeorketk f . '* The nature of cold^ in parti- 
cular, he proposes as a thing worthy the 
inquisition ** both for use and disclosure of 
'* CAUSES J."" And he does not seem to 
have believed that cold is a mere privation 
of substance, but rather that it is ** active 
•* and transitive into bodies adjacent, as well 
** as heat^." Gilbert, the magnetic phi- 
losopher, having possessed himself, as he 
thought, of an attractio in distanSy had pub* 
lished the doctrine of an absolute vacuum 
in the spaces between the celestial orbs. 
The Lord Bacon, on the other hand, had 
formed to himself ** a theory, according to 
** which, all space is Ji lied either \vith an 
** aerial or Jiery nature ||." He denied also, 

^'that 

♦ Ad*v, of Learn* p. 5. 

+ iVtf/. Hht. Cent. I. No. 69, 

+ Ih'td. § Ib'id. 

II Theoria nostra negat vacuum illud coacerratum Gil, 
bcrti inter globos sparsos, sed spatia vel <i'erea vel flamwi^ 
liatura re fieri, Thema Co<?li, 
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V that the pores or cavities of tangible bo- 
/* dies admit of a vacuum; but that they 
** contain either aivy or a subtile spirit pro- 
** per to their nature and disposition*." Of 
this spirit he treats as of a material cause . 
rejecting all those pretended solutions, as un- 
meaning and unphilosophical, which are de- 
duced from virtues or t/ualities in matter, and 
with which the schools in his time did very 
much abound, ' * Whatsoever is invisible (says^ 
he) *^ either in respect of the fineness of the body 
*' itself, or the smallness of the parts, is but 
* ' little inquired. And yet these be the things 
•'that GOVERN NATURE principally; 
*' and without which, you cannot make any 
*' trvie analysis and indication of the pro* 
' ' ceedings of nature. The spirits or pneur 
** maticalsy that are in all tangible bodies, 
** are scarce known. Sometimes they take 
*' them for vacuum; whereas they are the 
* * most active of bodies. Sometimes they 
** take them for air ; from which they differ 
** as much as wine from water. Sometimes 
*' they will have them to be natural heat j 

** whereas 

♦ Nullum corpus, nobis notum hie in superiore parte 
tens, spiritu vacat,— ^Neque enim cava rerum tangibiliinn 
vacuum recipiunt ; sed aut aerem, aut spirituxn rei propriutn* 
Hist. Vit. & Mort. Can. «i 
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•* whereas solii6 of them are cold. And somi!- 
" times they will have them to be the virtues 
** and qualities of the tangible parts which 
*^they see; whereas they are things by 
** themselvesi And when they come to 
•* plants and living creatures, they call them 
** souls; And such superficial speciilations 
** they have ; like prospectives, that shew 
** things inward, when they are but paint- 
" ings- Neither is this a question of mordsj 
"but injiniteiy material in nature: — ^As to 
"the motions corporal, within the inclo^ 
** sur«s of bodiesj whereby the effects pass 
** between the spirits and the tangible partSy 
** which are arefaction^ colliquation, con- 
'•^coction, maturation, &c: they are not at 
^ all handled. But they are put off by the 
^^ names of virtues, and natures, and actions, 
** and passions, and such other logical wcrds^ 
^' It is certain, that of all powers in nature^ 
*^ heal is the chief ; both in the frame qfna- 
*^ ture, and the works of art*. ^^ 

That Mr. Royle was nearly of the same 
opinion with his great predecessor^ and al- 
ways searching for an explanation of effects 
from second causes^ must needs be known, to 
those who have looked into his philosophical 

works, 

• Nat. Hist. Cent. I. No. gS. 99. 
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trorki*, and in particular his History of Firm-' 
nessy where he attempts to derive cverx the 
cohesion of solids from the pressure of the 
atmo^)here. Fop, although he was nnsuc- 
Gessfiibin this, it serve* to teach us, what 
his general persuasion was ; and the industry 
of nmn, still working upon the same ground 
4)f secoi^ causes, may in due time be pro- 
ductive of some better fruit. 

Dr- Cudworth, author of the /wfrf/arfw/rf 
Sy^twij is one of those many writers, who 
have' condemned that position, when?by God 
himself is made to be the sole agent in nature 
as improbable in itself, and unworthy of the 
Deity. A»hi9 arguments appear to m^ to 
be worthy of conwderation, T shall here 
adopt and support them with some farther 
observation* of my own. First, tfheuj this 
position throws^ down all distinction between 
Crod and nature^ and turns every ordinary 
effect into a miraele. Then again, it is not 
consistent with that sl&w and gradual process 
in the generation of thingSy which skews the 
ngent not to be omnipotent. A plant will ad- 
vance in its groMijh, either more op less-, aS' 
the season happens to favour it: and i!/ the? 
heat and the air be withdrawn from it, it 
ivill not grow at all Is it credible tliat 
a the 
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the Divine power should be bafBed and over* 
come by these or any other difficultie&r 
Yet this, impious as it may sound, seems 
to be the necessary consequence of supposing 
that power to act in such manner as to su-« 
persede the use of all natural instruments. 

.Tlie falsehood of this position is farther 
evident, from those errors and accide$it$f 
whereby the formation of things is frequently 
interrupted* These argue the agent not to 
be irresistible; and that nature is such a 
thing as is not altogether incapable of being 
sometimes frustrated and disappointed by the 
indisposition of matter** It is a commoB 
observation, that branches of trees, [^rti*^ 
cularly of the ash, will grow out of their le^ 
gitimate shape, and become flat or fasciated» 
The ingenious Mr. Hogarth has introduced 
the figure of a curious specimen of this sort 
into his Analysis of Beauty; where even the 
aberration of natural causes from their pro- 
per sQope, appears to be productive of the 
greatest elegance, but without utility. The 
jlike will sometimes happen to a stalk of aspar 
raguSj if the soil is too stubborn, or a &tone 
lying in the way chances to divert the growtk 
of it. And many other instances must occur 

t<r 

* IntelUctual Sjstem^ Book I. cap. I. $ f. &c. 
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to those who employ themselves in inspect- 
ing the operations of nature. 

It is surprising to Sjee what varieties of 
figure, structure, and Colour, ate niade to 
arise in vegetables, merely through some 
dhange, either in the efficient causes of ve* 
getatioli, or the nature and disposition of 
the materials they have to work upon. Two 
wild plants of the same species shall be found 
with leaves of very different figures, only by 
growing marly miles asunder, where there is 
some difierence in the air and in the soil. 
And there are plants which cannot be kept 
alive but in their native air, how inclement 
soever it be ; of which we have one example 
in that large yellow violet^ so common upon 
the highest and most westerly mountains of 
Derbyshire. 

Those who follow the method of Linnseus> 
and distinguish herbs into classes from the 
various characters in their organs of gene* 
ration, must have had many opportunities 
of observing some confusion in the number 
of their stamina; so that it is sometimes dif-^ 
ficult for those who are novices in the art, 
to determine to which of his classes a plant 
ought to be referred. 

By the arts of cultivation common among 

VOL. VIII. z garden^rsy 



g&rdeners, the beaaty of a plant maj h0 
greatly increased at the espenee of its frueti* 
^cation : for the doubling of the floww obli- 
terates the rudiments of the seed^^v^ssel^ and 
defeats ime end of its being, by tendering 
the plant incapable of propagating its speciea 
by seed. This is sometimes observed to hap* 
pen, even while plants are left to tbemaelv^es 
ip their native places. To these w^ may add 
all those plants which, being brought into 
England from countries nearer to the sun, 
are never completely formed in thi» eltmate, 
being always barren and without se^d^ un-* 
less they are assisted with hot-beds and stoves ; 
and many there dre which, eiren wHh these 
hqlps, cannot be brought to any degree of 
perfection. 

The richness of the ground will very fre-» 
quently occasion some unexpected appear- 
ance in plants that are moved into it from a 
barren soil The Herba Paris^ a vegetable 
of a singular structure, (see plate IIL fig- 4*) 
is always found vf\thfour leaves^ as it grows 
wild in the woods. And this form is so ge- 
neral to the individuals of the species, that, 
in its several names, a particular regard is 
always paid to this quaternity of its leaves : 
Morison calls it, solano congener non ramo- 

sum 
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iam htrapkyllum : C. Bauhine, solatium hac^ 
tiferum quadrifnlium : and to those wfio im- 
poscd the name Paris upon it, I imagine, 
.its four leaves regularly surrounding the 
fttalk, and the single round berry at the top 
of it, sugg^ted an idea of Paris and the 
thre^ goddesses j with the apple of contention 
m the midst of th^m; Yet this herb will 
depart from its natural form, if it is removed 
into- the richer soil of a garden, and bear 
*i*r leaves, instead of Jbur^ I have tried the 
experim^ti and have such a specimen in my 
possession^ 

These things I thought it worth the while 
.to speak of, as so many effects, which cannot 
with any shew of reason or piety be ascribed 
to the power of the Deity immediately inter- 
ested. It is therefore most agreeable to re- 
ligion, reason, and experience, to conclude 
with Dr. Cudworth, that there are agents or 
instruments in the world, whose powers, being 
only of a subordinate kind, may by certain 
circumstances be made to vary in their ef- 
fects, so as to go faster or slower, like a clock 
with different weights applied to it ; and to 
be even frustrated and disappointed in their 
operations by thi indisposition of matter. The 
wisdom of God will also be infinitely magni- 

z a fied;^ 
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fied, if he is found to bring about thosd 
things by the mechanism of second causes, 
to which philosophers have determined the 
divine power itself to*be absolutely necessary* 
And we may hence derive the only rational 
encouragement to a cheerful and diligent 
study of nature- The causes employed are 
few and simple beyond expression : their ef- 
fects are infinitely various and wonderful ^ 
and to those who begin upon a right foun* 
dation, they will unfold themselves every day 
more and more ; nor will the labour of man 
be lost in the pursuit, till he has acquired aa 
much knowledge of this sort as will do him 
any good in his present state. 

In the judgment of that emincfnt cxperi-? 
mentalist, Dr. Boerhaave, ** so great is the 
** power, so extensive the action, and so 
** wonderful the manner wherein ^re acts; 
*^ that it was anciently held and adored as 
" the supreme God, by a nation reputed the 
** wisest of all others. Thus some of the 
*' chemists, having found its extraordinary 
*' force, took it for an uncreated being; and 
*' many of the most eminent among them, 
'' attributing all the knowledge they had 
'* acquired to this INSTRUMENT, called 
*' themselves philosophers of ^re; as thinking 

1' they 
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*^ they could not be dignified by an higher 
** title. There is, however, nothing more 
*' wonderful in the nature of fire, than that 
'* while it is the chief CAUSE and PRIN- 
^* CIPLE of almost all the effects cognizable 
** by our senses, yet itself is imperceptible 
** by any sense; being so incomprel^ensible, 
** by reason of its extreme minuteness, that 
*' it eludes our nicest research; so that with 
'* many it passes for a spirit rather than a 
** body*." That the world should be so full 
of this fluid, and we should be so little sen- 
sible of it, is indeed very astonishing. But 
the wonder wholly ceasies with those who 
argue, upon this account, that there is no 
such thing : that if there were a plenum of 
subtile aether round about us, we ought to 
move with as much trouble, as if we were 
wading through an ocean of mercury. Now, 
if you were to tell an ignorant man, that if 
the greatest diameter of the trunk of his body 
is equal to 15 inches, he is pressed down- 
wards to the earth by a weight of more than 
three thousand pounds, he would hardly be- 
lieve you ; but would argue, that, in such a 
case, he ought to be crushed to death ; 
whereas he moves easily, and feels no impe- 
z 3 diment. 

^ 6oerluiave^$ Chemistry^ by Shaw ; vol. i. p. SiOQ^ 
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diment. Yet this is known to be unquestiont 
ably true by* thqse who understand the bat 
rometer, or have seen any experiments witl^ 
^n air-pump. And what 1$ $till more sur*. 
prising, there i^ another agent everyrwherc 
present, a coluiiin of which, equal only to ai^ 
ordin^y needle in diameter, when in motioi^ 
through the body, shall make you sensible 
pf as great a force as if you^h^^d received a 
blow upon the arms with a sledge hammer j; 
ftnd the muscles of the strongest m^n |n the 
world can do nothing against it. How ^oe\ 
it happen (hat we can pass a single day wit^-f 
out being shattered to pieces ? For if so piit 
jiute a column cap exert so terriblp a force^ 
what are we to expect frojn a column that 
has the whole body for its base ? The reasoii 
that we fpel no harm is this j that force is 
^very way opposed to force, and none of it 
is perceived >vhile vthe equilibrium is prer 
served. When that is by any mean§ inter- 
rupted, ;^n unexpected force immediately dis- 
covers itself. \ye shew but little experience 
of nature, and as little gratitude to the au- 
thor of it, if we dispute against the reality of 
a subtile medium, because our lives are not 
rendered miserable by the force of it. For 
Qodj with equal wisdom and goodness, hath 

put 
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put both our bodies and this matter into a 
mechanised state, so that it shall do us all 
the good that is re<)uired, without standing 
in the way to do us mischief. And this mat- 
ter is what Dr. Bperhaave meant to speak of 
linder the name of Jire. 

The element of air is described by the 
^ame author as ^^ an universal, necessary, 
" and most efficacious instrument^ which 
^* nature is perpetually applying in almost 
** all her works *." Experiments, as he in- 
genuously^ confesses, often led him to consi^- 
tier, ^* whether God did not originally create 
*' jfire and pure elastic air, and distribute 
** them through the whole universe'\.'' 

To these authorities let me add that of Dr. 
Berkeley, the late ei^cellent and universally 
learned bishop of Cloyne, whose opinion 
may be learnt from the following extract—^ 
** Without instrumental and second causes^ 
^* there could be no regular course of na- 
** ture; and without a regular course, nature 
** could never be understood. The order 
^' and course of things, and the experiments 
^^ we daily make, shew there is a mind that 
^' g:oveTns and actuates this mundane sys- 

z 4 ** tem, 

• Boerhaavc's Chemistry, vol. i. p. 381. 
+ Ibid. p. 4«0. 
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'* teni, as the proper real agent and cause; 
'^ and that the instrumental causef is pur^ 
♦* aether, fire, or the substance of light; than 
*' which it doth not seem necessary from 
' ♦* phaenomena to suppose any medium more 
** active and subtile, As for attraction, it 
♦* cannot produce, and in that sense account 

* * for the phsenomena ; being itself one of the 
** phasnomena produced, and to be account- 
^* ed for. What is said of forces residing in 
** bodies, whether attracting or repelling, is 
** to be regarded only as a mathematical hyr 
*^ pothesis, and not as any thing really ex^ 

* * isting in nature*. " 

The Abbe le Pluche, whose ingenious and 
spirited writings will give both pleasure and 
improvement to every reader, appears, by his 
productions, to have laid in a large' stock of 
experimental knowledge, with a competent 
degree of skill in mathematical learning. 
He has taken a liberty of following nature 
and observation, ^s a philosopher at large, 
not devoted to any sect or system : and his 
inquiries, it seems, have led him to this con- 
clusion; that ^^ there are but thr^e known 
*' fluids in nature, which, by their continual 
** activity, are the principles of all motion ; 

* Siris, Art. l60, 154, S4S. J934. 
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^^and these are, light, Jire, and air*.'* 
JIow precisely does this passage coincide with 
the judgment pf antiquity ! The principle 
that wais maintained as the fundamental 
truth in physics, above two thousand yearg 
ago, by Zoroaster and Plato, discovers itself 
again, at this distance of time, to a natural^ 
ist who inquires in a proper inq.nner. Thif 
coincidence would have happened oftener 
thsgi it has, if philosophers had conducted 
themselves ^ the scholars pf nature, and not 
^s its masters. For nature is the same noi^ 
as it was then ; and experiment, duly con-r 
suited, would speak the sam^ languag<5 in ^11 
ages. The fault is in men ; who, by affect-r 
ing to surprise the world with building 
things high apd marvellous after a model of 
their own framing, fall into^ confusion and 
self-contradiftion; while they overlook what 
is truly valuable, because it is cheap and 
common, and hath not an air of mystery and 
jiarkness scientific. 

The conclusion of this celebrated author 
might, I think, be deduced from premises 
very plain and obvious without any assist- 
ance from Algebf'a^ Qeomefry, Greeks Latin, 

or 

* Spectacle de la Nat. VoU 4. Disc. 19, p. lig, of the 
]Sngluh translation* 



{JW The Judgment of Antif/ukifi "^c. 

ox Hebrew. For what scholiarship doth it rcr 
quire to be able to distinguish that light 
gives sight to thp eyes? that «/> is the breath 
of life? and that, without ^re or heat applied 
in its proper degree, the blood is copgealed, 
und the limbs are inflexible? All this is evir 
jdent to the most undisciplined apprehefision ? 
for a man is no sooijer born into the world, 
than he makes most of the experiments re- 
quisite for the obtaining of this knowledge ; 
and he may challenge the most subtle philo- 
fiopher to name that substance of fl^id in 
the whole universe, whicl^ can supply the 
place of any one of these. What then can 
be plainer, than that tjiese, as thp Abbt le 
Pluche hath rightly affirmed, are the physi- 
cal principles of all motion ? A^^d i^hefe can 
the naturalist employ his labour to so inuch 
advantage, as in deriving effects from these 
causes? For although they are obvious to the 
vulgar in many of their operations, the most 
able disquisitor might pursue them for 4 
thousand years, and find, after all, that he 
had left a great deal of matter untouched. 

The phsenomena of ti^ht were cultivated 

with equal industry and sagacity by Sir Isaac 

Newton : and what a scene does this fluid 

furnish out to a contemplative piind, by the 

2 glorious 
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glorious variety of its colours^ the atnai^iu^ 
velocity of its motion, its reflexions, refract 
^ions, and the inconceivable subtiity of it^ 
substance! After it had been examined and 
fe-exaniined by this great geometrician fof 
piany years ; and after the speculum of Vil- 
lette had surprised the world with the effecti 
pf the solar rays upon bodies exposed to the^ 
focal heat of it ; electricity broke in upon us, 
as it were by accident, began a new epocha of 
philosophy, and discovered }ight to be a most 
powerful and universal cause of motion, with 
^hich the whole world is filled ; opening to 
]Lis a fresh storehouse of effects as inexhaustir 
^le as the science of pptics. 

Many effects of the air are so common, 
^nd withal so very important as to be taken 
^otice of by every writer on natural philoso- 
phy. It is plainly acknowledged a^ a mate- 
f ial cause of motion, by those who imagine 
they get rid of such things, if they can but 
exclude the airivova a glass receiver. Many 
f;hings curious an4 surprising occurred to 
Pr. Qales, when he undertook to analyze 
t:his element; and he discovered, what others 
appear to haye known many ages before, 
that it makes a part in the composition of 
all bodies which derive their activity from 

this 
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this substance, so artificially combined with 
them for that purpose. 

With the wonders that present themselves 
to us in a natural history of ^re, any reader 
Jnay become acquainted, by perusing Dr. 
Boerhaave's incomparable discourse upon 
that subject. The series of well chosen ex- 
periments there laid down, will open to him 
many of the powers and uses of that element, 
both in nature and art, and justify the high,-^ 
'iest expressions used by that learned chemist 
in the praise of it 

Of these principles much is already known ♦ 
more than enough to reward the labour that 
is spent in searching after it. That much 
more yet remains to be t^nown, I am induced 
to believe upon many considerations ; and 
upon this amongst the rest : that some emi- 
nent men, of late years, who have been best 
qualified to make discoveries and improve^ 
ments, have been unhappily pre-engaged to 
schemes of another kind; and, instead of cul- 
tivating the knowledge of these fluids, as the 
natural principles of motion, which is the 
light wherein they ought to be understood, 
have regarded all material instruments as the 
common enemy, because hurtful and de- 
structive to their systematical vucuum : and 

if 
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if any such thing has discovered itself tcf 
them in their researches, it has either .been 
strangled in the birth, or represented as an 
iinderlmg to the old ghostly principlei» of 
attraction and repulse y which have no meaa-* 
ing in themselves, and do effectually shut 
the door against all farther advancements 
If I wish that those who are fond of natu- 
ral philosophy may shake off these pre- 
judices, it is only with this view, that theix 
labours in that delightful study may be at- 
tended with more pleasure to themselves, and 
profit to the public. 



CHAP. VL 

The Judgment of the Holy Scripture cwcem^ 
ing the System of Nature^ 

THE mind of that man, who conceives , ,va 
so falsely of the divine oraclea^ as1to^j^;li^: - 
believe that they maintain any oppqsHiott t0 \^^*, 
true and useful learning, hath been de^^j«j| 
ed by spme sophistical rea&pnings^^^dS^ased 

by 
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by grovelling knd tlnwdrthy ptirsmts. Thef 
arm iisi indeed against min philosophy, and 
all the empty fictions of the human imagi- 
itation, which bring forth neither prleasure 
tior profit 16 tho^e who ate occupied therein. 
But then they invite us, in the mblimest 
strains, to consider the works of Godj whdsef 
counsels and perfections, as they arc dis-^ 
played in the creatiires, Urill ever be best un- 
derstood by those who study them with hu^ 
fnility and attention. Learning and philo-' 
sophy did never shine nidre bright, than 
when they met together with faith and rcli^ 
gion in the mind of the excellent Lord Ba- 
con * ; whose opinion it was that the won- 
derful works of God do minister a singular 
help and preservative against unbelief and 
error. If there are any philosophers so void 
of understanding as to regard the science 
of nature only as a tower of state for a proud 
mind to raise itself upon; and to esteem 
themselves as licentiates in incredulity, be- 
cause 

* If the tieader denR^ to \ixit a taste of the Lotd Ba. 
con's character, from aome {>ie(^ wherein the christian and 
the philosopher are otiited, t Woald reconini^nd his Neiu Au 
lantis ; a discourse which seems to have given the first hint 
for the estabHskii^ of fifeiidsophical academies in Europe^ 
SQch as is the Kojal Society oflMtdott^ &c« 
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cause they make some figurie m philosophy j 
it may posisibly do them good to look back 
upon the example of this great man^^ who 
preserved a mind untainted with the pride 
of heresy or infidelity ; and was not more to 
f>e admired for his extensive learning and 
experience of nature, than for his theolpgi^ 
cal skill and penetration into the wisdom of 
the sacred writings. *' Two books or vo^ 
^^ lames of study (saith he) are laid before 
** us^ if we will be secured from error: first, 
** the scriptures^ revealing the will of God j 
^^ and then thQ creatures expressing hit 
•* power, whereof the latter is a key unto the 
** former*/' These two volumes being sa 
mearly related, I shall Conclude this treatise 
with a short and humble inquiry into the 
judgment of the holy scripture ; which the 
all-* wise author of it hath so adapted to the 
exigencies of man in his present state, that 
the information it occasionally gives us^ con^ 
cerning the visible works of God, will warm 
and improve the hearts of the most simple, 
while it conveys light also to the understand- 
ings of the most learned. 

1. In the first place, then, we are taught,, 
tlmt the same God, who created the world in 

wisdom. 



i£i The judgment of Anii^t^,%d. 

wisdom, upholds * it in mercy ; that in hind 
we live, tod move, and have our being. 1/ 
the sun gives us light and warmth^ it is Ai> 
iufii which he maketh to rise on the evil and 
on the good. If the clouds pour down their 
water upon our fields to nourish and bring 
forward the fruits of the earth ; it is he that 
Mcndeth rain on the just and on the unjustf^ 
To him, therefore, the blessings that are dis- 
pensed to us in the ordinary course of na- 
turCj are to be devoutly ascribed, as to th6 
primary source of all life and motion. And 
this conclusion will be equally true, whether 
God is supposed to distribute the benefits of 
nature from his ewn hand immediately, or 
by the mediation of some secondary causes 
of his own appointing ; for, either way, the 
real government of the whole can terminate 
only in himself. 

2. Some will dispute against the operation 
of second causes, as thinking it to derogate 
from the power of God, that he should 
stand in need of their assistance. But they 
should remember, that God did not make 
the world because he himself stood in need 
of any thing; it was for his own good plea- 
sure and the benefit of his creatures j and 

with 

• Bebr. 1. s. + Mat. 5. 45. 
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M'ith the same views he established the opera- 
tions of second causes ; he consulted our 
wants in this matter, and not his own. For 
Irian is a compounded being, made up of dif- 
ferent parts, that claim a kindred with two 
dfiferent worlds, the visible and the invi- 
sible. The part, in him, which is natural or 
bodily, must be supported by natural powers : 
the superior or spiritual part, by God, who is a 
spirit^ and whose poM^ers alone can possibly 
extend to the Avants of it. When nature 
shall sink,' and the spiritual world open 
upon us, God himself will then take the 
place of all inferior causes * ; and even un- 
der the present state of things, a spiritual 
interposition is not wanting in the Christian 
dispensation : but then it is calculated for 
the benefit of man's spirit; while his body 
is still left to the ways of nature. To mis- 
represent the divine power and essence as a 
physical agent, is to confound the tAVO king- 
doms of nature and grace ; which, as two 
parallel lines, follow a like course, but can 
never be made to touch ; and to lose sight of 
that great and beautiful distinction, an ade- 
quate understanding of which, in all its 
VOL. vxii. AA brandies, 

* See Ren;, 21. 29. 
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branches, would be the consummation of 
human knowledge. 

3. The government of nature, then, by 
second causesj is most suitable to the real 

fitness of things. It is the course God hath 
thought proper to fix upon, as serving best 
to his own glory and our good. Experience 
shews it; antiquity confirms it; ai^d the 
scripture also, without condescending to treat 
of it minutely as of a science, hath declared 
it in such language as cannot be made to 
speak any other sense without art or vio- 
lence. That this matter may be brought to 
a short issue, it will be proper to have in 
view those questions above-mentioned*, by 
means of which I kept myself within a tolera- 
ble compass, when I collected the doctrine 
of profane antiquity. And first, let us ask, 
with all submission, whether the world, ac- 
cording to the sacred account, is full or 
^mpty of matter ? 

4. We have learnt from Pliny, that it was 
a custom with the ancients to give the name 
of heaven to the elements that fill the hea- 
ven — Ccelum appella^'ere majores, quod alio 
VominCy qera : and again, quid esse mirabi- 

lim 
* Sec page 324t. 
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lius potest aquis in coelo stantibus ? meaning 
the clouds supported by the air*. Cicero 
has a like observation concerning the ele- 
ment of fire — Ardor calestis, qui aether, vel 
coelum, nominatur'\. Who then will be 
-surprised, if the scripture, the undoubted 
source and original of the heathen cosmogo- 
nies, and the most ancient book in the 
world, should be found to speak in the style 
of antiquity ? And certain it is, that, by the 
yfovAJirmamenty which occurs so frequently, 
and by the heavens when that word is spoken* 
in a physical sense, those elements are to be 
understood which are distributed through- 
out the heavens. For the heavens are his- 
torically treated of as a plrt of the works of 
God ; and it would be repugnant to truth, 
that what is nothing in itself but empty 
^pace, should be declared to have been made 
zxid finished %. It may indeed be objected, 
that by heaven is meant the visible furni-r 
ture of the heaven, the orbs of the sun, 
moon, and stars : but this could never be 
the design of the history, because the host 

A A 2 of 

* Pliny, lib. 3 1 , c. 1 . 

i Cic. de Nat. Deor. lib, 2. c. 15, 

4: (5en, 2. 1, 4, 
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of heaven is mentioned apart, and distin- 
guished from the heaven itself. 

5. From the New Testament we learn — • 
that the heavens being on fire shall he dissolved^ 
and the elements shall melt with fervent heat*. 
Whence it follows, first, that the heavens 
are material; they could not otherwise be 
set on fire. Secondly, that they consist of 
elements capable of a dissolution; for the ter- 
restrial elements are not here to be under- 
stood — the earth also, and the works that are 
therein^ being mentioned immediately after. 
And thirdly, that the conflagration of the 
great day shall be brought on by a total 
conversion of the aetherial matter into a de- 
vouring fire : a tradition of which went 
abroad into the world very early. It was 
taken up as a main article of philosophy by 
the Stoics ; and seems not to be improbable 
in the eye of reason, as it passed for the 
greatest of miracles with an heathenry that this 
universal conflagration had not happened al- 
reacjy; considering how abundantly nature 
is furnished >yith the materials for such a 
catastrophe. 

6. This substantiality of the heavens is 

farther 

* 2 Peter, s. 12. + See page ss^l. 
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farther confirmed from the use and mean- 
ing of the v/ox A firmament J which is synony- 
mous with that of heaven. There is indeed 
a vulgar doctrine, such as might accord 
well with the genius of monkish expositors 
in the dark ages, when the solid orbs of 
Aristotle were in fashion, that the firmament^ 
spoken of in the scripture, signifies a kind 
of solid arch, or inclosure of the world, like 
a cieling ; in which the stars are placed, as 
so many brass nails, stuck upon the inner 
surface of an hollow sphere. The futility 
and falsehood of which will appear from the 
application of this term : for the sun, moon, 
and stars, are said to have been set in the 
firmament; and no system did ever yet assign 
the same sphere to all these bodies, because 
our senses must assure us of the contrary. 
What can follow, then, but that the firma* 
ment is a medium, extended from the re- 
gion of the fixt stars, to the places of the 
sun and moon ? It is farther said, thdX fowls^ 
called in other places of the scripture, the 
fozvls of the airy and the fowls of heaven^ 
(which expressions being compared, will 
shew us, by* the way, that the heaven and 
^he air are one thing in the language of the 
A A 3 scripture, ) 
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scripture,) fly in:ox itpont\i\% firmament*. 
Therefore, it is extended all the way from 
the earth, through the regions of the atmo- 
sphere, in which the fowls fly, to the sun and 
moon, and from thence to the fixt stars and 
beyond. The margin of our English ver- 
sion has the word expansion instead of firma- 
ment ; by which, as the most rational expo- 
sitors agree, the expanded aether ^ or diffused 
body of the air, is to be understood. And it 
was well observed by Grotius, that the 
Chaldee paraphrast upon those words of the 
19th Vsalm-^the firmament shezoeth his handy 
work — gives this interpretation — they who 
consider the air, will tell of the handy work of 
God. It is farther remarkable, that Plato 
used the Greek word Taa-t^ in the same sense; 
of which Serranus observes — quod quidem 
vocabulum aeris natures significandce accom- 
modatum est f. These short hints are suf- 
ficient to prove, that a vacuum in the heavens 
is not more apposite to nature and experi- 
ment, than to tlie most simple declarations 
of the Old and New Testaments. It may oc- 
cur, as a collateral argument, to those who 

study 

* Gen. 1. 20. 

+ Sec his Preface to the Tinweus, vol. 3, page 11. 
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study the oriental languages, that the Bible 
has no word in the original to denote space^ 
as distinct from body ; having expressed it 
by the word that signifies air*. 

7. But we are now to ask another ques* 
tion; wliether God, in his government of 
the natural world, acts by his immediate 
power, or makes use of matter as his instru- 
ment? The answer, I should think, might 
follow naturally as an inference from what 
we have heard already. For if the heavens 
consist of expanded cethery this substance . 
must either stop the motion of the heavenly 
bodies, as the mathematicians, if we tvill 
understand the thing in their way, have very 
well demonstrated ; or be instrumental to 
the conservation of it. And as the former 
part of this alternative is false by observa- 
tion, the latter part of it must be true ; 
whether we are able or not to investigate 
and assign such a mode of operation to the 
matter of the heavens, as shall stand the test 
of a severe examination. 

8. That matter is instrumentdl in the 
hands of God for the bringing to pass his 
purposes in nature, is at least to be suspect- 
ed, from what happened in the beginning of 

A A 4 the 

♦ Gen. se. l6. 
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the creation. It could not be without some 
good and sufficient reason, that motion was 
Jirst impressed upon the celestial elements 
of light and air. If these were to be instru- 
mental in the formation of other things, as 
experiment shews thfcm to be now, the reason 
is plain in itself, and worthy of an inspired 
historian. And then, even the order and 
process that is observed in the sacred his- 
tory of the creation, will suggest to us what 
may be gathered in a more direct manner 
from some other places of the scripture. For 
there are expressions, which allude to, and 
acknowledge an efficacy of the heavens upon 
inferior things. The pozvers of the heaven, 
which are to be shaken * in the last day, must 
signify those natural powers, or material 
forces of the heavens, by which the visible 
world is now supported and moved in a regu- 
lar manner, according to the laws of nature ; 
and not any invisible powers of the world to 
come ; because they are mentioned with the 
sun, moon, and stars, the other members 
of created nature. There was, it seems, a 
fit occasion to make an exhibition of these 
natural powers, when the apostles were to 
be endued with invisible power from on high 

upon 
* Matt. 24. 29. 
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upoh the day of Pentecost ; that power hav- 
ing been communicated under the external 
signs of a mighty wind and flames of fire ; 
to which two elements, men of all ages and 
nations, as it were with one voice, have 
ascribed the powers of moving and govern* 
ing the natural world. And if »they were 
right in this, it is not strange that these 
should have been fixed upon as the fittest 
and most instructive emblems of invisible 
power. In the Book of Job, which, to such 
a reader as the Lord Bacon, appeared preg-^ 
nant and swelling with natural philosophy *, 
the heavens are affirmed, by plain inference, 
to have a dominion in the earth f. A question 
is put to Job by the Maker of the world, 
whether he was able to fix this dominion by 
any power or wisdom of his own ? which does 
necessarily imply, that such a dominion is 
really fixed by the power and wisdom of 
God. Loose- thinking and ignorant readers 
of scripture may despise thephilosophy of the 
passages I have hitherto mentioned : but 
those who examine the works of God 
without prepossession, will soon discover by 
experience, that although they are veiy short, 

they 

♦ Adv. of Lcam. B. l*^ 
t Job, 88. 3S, 
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they contain the seeds of much knowledge ; 
the most obvious sense that can be gathered 
from them, being such as agrees best with 
all the experiments we are able to make. 

9. That matter is employed as an instru* 
ment in the hands of God, is farther evi- 
dent, in that he made a mist or exhalation 
to arise from the earth, for the growth of 
vegetables, even at their first formatipn*. 
When the waters of the flood were to be car- 
ried off, he made a wind to pass over the 
earth f. When the plagues of Egypt were 
inflicted, a wind brought the locusts ; and 
another wind drove them away J. Wh^n 
the Red Sea was divided, the waters were 
made to go back by a strong east windy which 
parted the waves, and laid the bottom dry, 
for the passage of the Israelites §. But these, 
it may be said, were extraoi^dinary occa- 
sions : and I am not unmindful of it ; as 
they are so much the more to my J>urpose on 
that very account: for thence it appears, 
that even upon such occasions, where the 
case will admit of it, God prefers the method 
of bringing his purposes to pass by natural 
means ; after which, it would surely be un- 
reasonable 

• Gen. 2. C. + Ibid. ch. «. 1, 

% Exod. 10. v. 13. 19. § Ibid. 14. 21. 
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reasonable and stbsurd to deny the use of 
such means in the ordinary course of nature. 
And the scripture itself will agree with us 
in this conclusion. For M^hen the sun is said 
to RULE over the day, and to have been 
made for this end, what can we understand 
by it, but that he acts as a vicegerent, and 
ift invested with a mechanical power of giv- 
ing light, life, and motion, to such' objects 
as are ordained to receive his impressions ? 
AH nature revives, and puts on a new face, 
when he approaches nearer to us in the spring; 
and sinks into a temporary death, at his de-^ 
parture from us in the winter. That he acts, 
in a mechanical manner, is also certain ; be-* 
cause a chain of matter is continued all the 
way from the agent to the object. Hi& 
power consists not in any immaterial quality, 
because it observes the same geometrical law 
with the diffusion of his light ; and his ef- 
ficacy upon the productions of the earth is 
greatest, when the greatest angle is formed 
between the horizon and his rays ; though 
the solid substance of his body is then most 
remote from us, as the astronomers very well 
know. A good telescope will shew us what 
changes are produced in the refraction of 
the atmosphere, and what a tumult arises in 
7 the 
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the air from the agitation of the sun-beams in 
the heat of the noon-day. The heaven seems 
transparent and undisturbed to the naked 
eye; while a storm is raised in the air by 
the impulses of the light, not unlike what 
is raised in the waters of the sea by the im- 
petuosity of the wind. It increases with the 
altitude of the sun ; and when the evening 
comes on, it subsides almost into a calm. 
A sight this both edifying and instructive, 
and such as we ought not to behold without 
calling to mind those words of the devout 
Son of Sirach — The sun^ when it appeareth^ 
declareth at his rising a marvellous IN- 
STRUMENT, the work of the Most High */ 
10. Can it be thought now, that God 
performs those things by immediate power, 
which, as we can see and feel, do follow the 
course of the sun, and are performed by his 
mediation? Philosophers, who contend so 
eagerly for the immediate influence of a 
Divine power in nature, should blot this 
luminary out of the heavens ; and their ar- 
guments would have a little more weight 
G6d hath reserved to himself an office more 
suitable to his nature, than the office they 
have thought proper to assign him; even 

that 

• Ecclus. 43, 2. 
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that of giving life, light, and knowledge to 
the mind or spirit of man. As to the light 
of the body, that and all the wonderful ef- 
fects of it are plainly administered to us by 
the sun, as by an engine or minister sub- 
servient to tjK? purposes of its Creator, But 
some there are so unhappy as to mistake 
the oeconomy of God, both in the natural 
and moral world. If you will take their 
judgment, God, as a natural ruler, is to 
have the task of moving those portions of 
matter, which are moved and ruled by the 
the sun, the work of his hands : while man 
is to assume the office of the Father of spirits^ 
and administer light to his own understand- 
ing. In religiony which is the province of 
the Deity, and where there is a dignus vin- 
dice noduSy all is to be natural ; but in na- 
ture, all effects are to be miraculous ! Thus 
wretchedly will men reason, when they think 
philosophy hath advanced them into a sphere 
sui?erior to the un-philosophizing simplicity 
and truth of divine revelation. 

11. That we may learn, once for all, what 
species of solution is authorised by. the scrip- 
ture, i\ will be best to fix upon some parti- 
cular instance ; and there is none more pro- 
per than that of vegetation. The earth is 

said 
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said to bring forth grass : this iis the e^ect 
The first cause of it is the power of God, to 
whom all things owe their being, and by 
whom all things consist : for he causeth the 
grass togrom for the cattle^ and herb for the 
service of man*. But then it is also said, that 
the tender grass springeth out of the earth by 
clear shining after rain'\. Therefore God is 
the primary cause; the sun is the instru- 
mental cause ; while the earth, softened and 
dissolved by the drops of rain, supplies the 
materials. This account, plain and simple 
as it is, gives us the out-lines of all that can 
be said upon the subject, and guards us 
against every fundamental error. It con- 
demns the impiety of the heathen idolater, 
by referring the whole glory of the work to a 
power superior to matter : corrects the well- 
meaning ignorance of the philosopher, who 
would confute atheists, by evacuating the 
world of second causes: and leaves us in 
possession of that ancient and valuable doc* 
trine, that some of the elements are appoint-* 
cd to rule over, and give motion to the rest 

A 

• Psal. l04, 14. + ^ Sam, 23. 24, 
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CONTAXNXNa 

THE AUTHOE's remarks ON SOME PASSAOiUi 
OF THE FOREGOING WORK. 



On Book L Chqp. III. 

Page 35, line 14, &c. To understand the 
objection which the author endeavours to 
obviate in this place, it is necessary to have 
some little knowledge of the theory of Jail-' 
ing bodies. For the sake, therefore, of 
such readers as have not considered this 
subject, and to save them the trouble of 
having recourse to other books, I shall here 
subjoin an account of it, and try to make it 
easy to those who have never accustomed 
themselves to mathematical reasonings. 

In 
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In the right-angled triangle abc, (plate 
11. fig. V. p. 111.) the angle cab, which 
opens wider, by equal degrees, from the 
point A towards bc the base of the triangle, 
expresses a motion uniformly/ accelerated. 
The leg ab expresses the time in which this 
acceleration happens ; and this time is di- 
vided into three equal parts or moments, as 
A I, I 2, 2 B. The small lines in the trian- 
gle A 1 ky repeated at equal intervals, and 
increasing in length by equal degrees, de- 
note equal accelerations of the velocity from 
the instant in which a body begins to fall : 
and the small equal lines in the square i m^ 
denote an equal velocity during the time ex-» 
pressed by the side \ 2. 

These things being first considered, if we 
now attend to the figure^ it m^'HI open to us 
all the consequences of these positions, 

I. 

The line i k will express the velocity ac- 
quired by a falling body at the end of the 
Jirst moment of time. The line 2 / will ex- 
press the velocity acquired at the end of the 
second moment; and BC the velocity at the 
end of the third. 

IL 
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IL 

If the body, during the second moment of 
time, should retain the velocity i k which it 
had acquired at the end of the first, the 
square surface 19, mk will be described ; for 
this surface is generated by a continual re- 
petition or motion of the line i k, during the 
time 1 2 ; as the area of the triangle a i Ar is 
also described by an uniformly increasing ve- 
locity during the time a i. But the ar^^, of 
the squar(5 is mai^ifestly double to the area of 
the triangle. Whence it appears, that a body 
moving on, during a second moment, with 
the velocity acquired at the end of the first, 
will fall twice as far in the second moment 
as in the first. And th? s^me will be true 
universally, that the velocity acquired at 
the end of any given time, will c^rry the 
body twice as far in the sam? time^ . 

III. 

Put if the velocity contitiues to increase 
uniformly during the second moment, then 
the sp^ce described will be as 1 2 / Ar, which 
i^ thrice as great as the triangle a 1 ^. 

^9^. yjU. P B IVt 
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IV, 

The whole space described by the body in 
the two first moments, will be as the area a 2 
"' /, which is equal to four times the area a l A:: 
whence it follows, that the space described 
by the body in its fall, is as the square of the 
time in which it falls; for here the t^me is 2, 
tnd the square of it is 4. 

V. 

In the third moment^ were the body to fall 
with the velocity 2 /, during the time 2 b, 
the space described will be as the rectangle 
under the time and the velocity, that is, as 
the rectangular space 2 b w /, equal to four 
times A 1 -i. But as the velocity is still uni- 
formly increasing, the space will be as the 
area 2 b c /, five times as great as a 1 k. And 
thus wilt the rectangle under the time and 
"^he velocity be always increased by unity. 

VI. 

As thp triangles a 1 i, a 2 /, a b c, are al^ 
similar y or such as. have all their three angles 
respectively equal to one another ; then, as a 
2 is the double of a 1, 2 / will be the double 
of \k\ and as a 2 expresses the time^ and SLl 

the 
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ihe velocity, where the time is double, the ve^- 
locity is double, &c. Therefore the velocity 
is as the time^. 

VIL 

If the spaces described in each moment bo 
considered separately y then the space in the 
first moment will be as 1, in the second as S* 
in the third as 5, in the fourth as 7? and so on 
in an arithmetical progression; the common 
difference being % 

If we would apply this theory to practice^ 
it is first to be learnt, that in one second of 
time bodies are found to faU 15 Paris feet and 
1 inch, that is 16 feet and something more of 
English measure ; but we shall neglect this 
[imall quantity, ^nd suppose the whole spaco 
to be 1 6 feet in a round number. This hadi 
been discovered with sufficient exactness from 
the motion of pendulums^ between which, and 
the rectilinear descent of heavy bodies, there 
is so close a connection, that neither of these 
can be understood independent of the other. 
It being allowed, then, that the space fallen 
through by a body in the fir^t moment of 
time is 16 feet ; it follows, from N*" IV. of 
the theory, that at the end of the second mo- 
ment it will have fallen 16 X 4 = 64: at the 
s e 3 en4 
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end of the third moment 1 6X9 = 144 '. at the 
end of the fourth 16X16 = 256, &g. All 
thei^e spaces being as the squares of the 
times. 

Hence, if the space be given, through 
which a body is to fall, we may collect the 
time wherein it Mali finish its descent. For 
let the number of feet in such a space be di- 
vided by l6; then will the square root of the 
quotient express the time sought, in seconds 
and parts of a second. Thus if the space be 
}44 feet, 144-r 16 = 9, of which the root is 3. 
And the converse of this will be equally true; 
for if the time be given, the space through 
which the body hath descended may be found 
from it. If we should desire to learn the 
depth of a well from the surface of the earth 
to the surface of the water, let a bullet of 
lead be dropt into it, and let us suppose thisi 
bullet to strike the water in 5 seconds. The 
square of 5 is 25, which being multiplied into 
16 feet, the product will be 400 feet, equal 
to the depth of the well. 

Thus again, were we to see a mass of burn- 
ing matter, or a large red-hot stone, shot up- 
wards from the mouth of a volcano, and 
could observe accurately that the whole time 
pf its flight in the air amounted, to. (as. wa 



Postsctipt.\ 373 

i^iU suppose) 30 seconds; we may thence 
collect the height to which it arose. For a 
projected body will both rise and fall in the 
same time ; therefore we are to take half the 
time above-mentioned, or 15 seconds : then 
it will be 15X15X16 = 3600 feet, or 1200 
yards, which is not far short of ^ of a mile. 

But we are to observe, that, in the applica^ 
tion of this theory, two things are taken for 
granted, before we arrive at any one of these 
conclusions. . First, that the theory itseif is 
true in practice to a mathematical exactness. 
That it is very nearljc so, may be fairly con- 
cluded from the experiments which have 
been made ; but nothing more can be con- 
cluded, with absolute certainty. Secondly, 
that the motion is performed without any 
impediment; in other words, that it is per- 
formed in vacuo, or in a medium that gives 
no resistance ; which is false in fact : no ex- 
periments of any considerable compass hav- 
ing been made, or being possible to be made, 
without a great degree of interruption from 
the resistance of air. Upon this account, the 
well, whereof you are finding the depth, will 
not be so deep as may be imagined by several 
feet ; nor will the stone, projected from the 
vokano, rise.ncar so high as we kave already 
' . .. 3 B 3 con- 
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concluded. This resistance of the air will be 
different at differeiit seasons: and to find the 
iibsolute quantity of it at any time, and in 
any particular experiment, is a problem so 
difficult and complicated, as hardly to admit 
ef an adequate solution. 

In the experiments made by Mf» Hawks- 
bee, of which we have an account in his 
Physico- Mechanical Experiments, p. 278, 
And in Sir Isaac Newton'^ Principia, lib. 2- 
prop. 40, son^e glass balls, filled with 
quicksilver^ were observed to fall 220 feet in 
4 seconds of time/ By the theory they 
elhoilld have fallen Q56 feet : therefore, the 
resistance of the air, added to somiS error in 
the performance, diminidie J the space by 
about one-seventh of the whole. Some other 
experiments made by Dr. Desaguliers with 
balls of lead (see Philos. Transact. N* 362. 
p. 1071), and executed with a better address 
than these of Mr. Hawksbee, came n€au-er to 
the theory. But let us consider that when 
these balls touched the ground, supposing 
them to have descended through a space of 
256 feet, they moved only lit the rate of 128 
feet in a second : and what is^ this to the ve- 
locity of light? which, according to the usual 
computation, moves above a milUon. of times 

swifter 
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swifter than a cannon-bullet Should this 
fluid be the natural cause of gravity, arid 
should the spaces described be less than the 
theory requires, on account of a nearer ap* 
proach in the velocity of the body to the ve- 
locity of the fluid that moves the body, such 
a discovery is far beyond the reach of all 
human experiments. 

If what hath been here said, should tempt 
an inquisitive reader to search farther and 
deeper into the application of this theory of 
falling bodies to the motion of pendulums^ 
the flight of bombs and other projectiles ; he 
may find satisfaction by perusing part i. c, 6, 
&c. of Mr. Rooming's System of Natural 
Philosophy — S' ^ Gravesande'ai Elements of 
Nat. Phil, by Desaguliers, b. i. c. 19 & 24 
' — Mt. Maclaurin's Account of Sir Isaac 
Newton's Discoveries, b. ii. c. 6. Or see 
Dr. Keil's Introd. to Nat. Philos. lect 15 
and 16; than which there is nothing more 
exact and complete upon the subject. 

On Chapter IV. 

Page 52, 1. 27, &c. In order to prove by 

«ome easy experiment, that the resistance 

which a body gives to any force that is ap- 

B B 4 pUe4 
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plied to put it in motion, is just sq muck a3 
ought to proceed from the action of gravity 
upon itj aJid no more ; I considered, that if 
the resistance in the ball of a simple pendu- 
lum should proceed wholly from its gravity; 
,then the same force ought to move it more 
easily through a segment of a greater circle, 
than through a segment of a lesser. 

Having put together an extempore appa- 
ratus ^ I took two balls of lead, the greater 
of which weighed one pound and an half, 
the lesser one quarter of a pound. Tliese 
wexc suspended by lines, so that the centre 
of each ball, being at equal heights, was 28 
inches below the points of suspension. A 
graduated scale being fixed parallel to the 
plane of their intended motion, I drew the 
lesser ball aside to 24 divisions from the per- 
pendicular, and having let it fall against the 
greater, perceived that the stroke of it occa- 
sioned the greater ball to move over + divi- 
sions and ^ from the perpendicular. Then I 
suspended the greater ball from a point 7 
feet and 8 inches above its centre ; and let- 
ting go the lesser ball from the same distance 
as before, found tliat the application of the 
same force did now occasion the greater ball 
to move over 9 divisions and | very nearly. 

There- 



Therefore, in this latter trial, where the dis- 
tance of the heavier ball from the point of, 
suspension is ahnost quadruple of what it was 
before, the resistance becomes lesser than be* 
fore by about owe Afl^. 

The times of the vibrations of different 
pendulums being in the subduplicate ratio of 
their lengths, their velocities compared with 
each other will be inversely as the square 
TOots of their lengths ; that is, if the length 
of the greater pendulum be quadruple, and 
its time of vibration double, its velocity in a 
similar arch will be i the velocity of the 
lesser pendulum. In this experiment, then, 
the resistance is lessened in the same propor- 
tion with the velocity : but the velocity is 
deducible only from the active force of gra- 
vity ; therefore, the resistance must be owing 
to the same force. For if the resistance here 
found be such as ought to flow naturally 
from the gravity of the body, and no other 
resistance is to be discovered ; must it not 
follow, that what lias been called a vis iner- 
tice is but the same thing with the force of 
gravity? if not, how are they to be distin- 
guished in this experiment ? 

That, the resistances above-mentioned do 
not exactly coincide with the inverse ratio 

of 
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of the square roots of the lengths, trhich are 
5,29 and 10,20, but deviate frorti it a little, 
may be imputed to some small degree of 
elasticity in the leaden balls. However, this 
error, so far as it may concern my argument, 
is on the right iside. 

From what hath been said there arises this 
corollary — that the resistance of any solid pen^ 
dulous body may be so diminished as to be less 
than any assignable quantity : or, that a bodyy 
how large soever y may be moved out of its place 
hy a force how small soccer. I mention this 
as a matter^ of curiosity, though I cannot 
but regard as trifling all mathematical con- 
clusions which are remote from fact and the 
common course of things. 

In defining the vis inerticdy Sir Isaac hath 
observed, that a body exerts this forccy only 
when it is made to change its state by sdmc 
fotxe impressed upon it. But certainly the 
force that keeps a body in its state, and the 
force that resists a change of that state, must 
be the same thing: so that, in our expe- 
riment, the ball is either brought down to 
the lowest point of the circle, and kept at 
rest there^ by tlie vis inertia^y which is false ; 
or the force of gravity which brings it to the 
lowest point, and would keep it there at rest> 
7 , mus$ 
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ing them, gives a retrograde motion to th^ 
points of the wire ; just as a chair, if placed 
upop casters, will run backwards, when tliQ 
person sitting in it pushes against the wall 
with a stick. If the wall were out of his 
reach, his stretching out the stick would 
make no impression upon the chair: and th? 
strea|n$ of fire will be equally insufficient tq 
PfOfluce a motion in this machine, if there, 
be no air within the sphere of their activity,. 
To prove this, I made the three following ex* 
periments. 

Experiment I. 

I set the machine upon the plate of my 
air-pump ; and having covered it with a 
large receiver, electrified it by means of a 
wire passing down to it through a collar of 
leathers. While the receiver remained full, 
of air, the machine made its revolutions as 
v/ell within the glass as it had done before i^ 
tlje, open air. 

Exp. II. 

The same trial being made when the re- 
pelver was exhausted, no motion ensued. 
TJie room being made dark, the operation o'f 
^he eleqtiical machine was continued : and 

*. "^ it 
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'On Chap'tejS V. 

Page 68, 1/4.' Sotte^ bther mbtiom like 
to that of the two lanips ttiaylbe qontrived in 
a difFerent manner. Fix a needle npon a 
pillar of glass or sealing wax four or fivd 
inches in length, and jJlace a small wire upon 
it, pointed at each end, and bent into the 
shape expressed hy Jig. 12. of j^late I. Let this 
little machine be so placed,' that you can 
electrify the brass cap in its centre by sparks 
from a ^vire hanging perpendicularly over it, 
but not tokching it. If the instrument is 
Well made, arid the fire strongly communi- 
cated, ,the wire will turn upon its centre as 
fast as the flyers of a common jack : and if 
the room be darkened, you M'^ill see a ring of 
light formed by the electric oetlier as it streams 
from the points of the wire. 

This motion is so far from being stopped 
or retarded by the resistance of the circum- 
ambient medium, that there seems to be no 
better method of accounting for it than by 
deriving it immediately from such a resist- 
ance. The fire diverging from the points 
strikes upon the adjacent air ; while the air, 
reacting against the streams of fire, or resist- 
ing 
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ing them, gives a retrograde motion to th^ 
points of the wire ; just as a chair, if placed 
upop casters, will run backwards, when the 
person sitting in it pusl^es against the wall 
with a stick. If the wall were out of his 
reach, his stretching out the stick would 
make no impression upon the chair: and th? 
streamy of fire wiU be equally insuificient tq^ 
PfOfiuce a motion in this machine, if there, 
be no air within the sphere of their activity,. 
To prove this, I made the three following ex* 
periments. 

Experiment I. 

I set the machine upon the plate of my 
air-pump ; and having covered it with a 
large receiver, electrified it by means of a 
wire passing down to it through a collar of 
leathers. While the receiver remained fiill. 
of air, the machine made its revolutions as 
v/ell within the glass as it had done before i^ 
tlje. open air. 

Exp. II. 

The same trial being made when the re- 
pelver was exhausted, no motion ensued. 
Tlie room being made dark, the operation o'f 
^he electrical machine was continued : and 

^'\ ^ it 
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it was now visible enough, that the two 
streams, instead of passing off from the points 
in the form of a conical brush of ray ^ with 
its axis parallel to the horizon, went perpen- 
dicularly dowmvards in two parallel lines t6 
the brass plate of the air-pump : and it was 
utterly impossible that the fire thus perpen- 
dicularly directed (had there been no other 
reason for it) should occasion an horizontal 
motion in the machine, 

JEj'p. Ill, 

In order to try whether the fire, moving 
horizontally in the exhausted receiver, would 
have any better effect; I placed a ring of 
brass wire within the vessel, and fixed it at 
such an height, that it coincided with the 
plane of the intended motion. The machine 
being again electrified under these circum- 
stances, the fire did now appear to issue ho- 
rizontally from the points toward the brass 
ring, and thence it ^vent down to the plate 
at the bottom, by means of some other small 
wires added for that purpose. But notwith- 
standing all this, the points of the machine 
were stationary. 



R^- 
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Reflections. 

I, The streams of fire do not fall down to 
the plate by their gravity^ as two streams x)f 
water might be made to do from two orifices 
in the ends of a small horizontal pipe J for 
then the velocity with which they issue from 
the points should occasion them to describe 
a parabola^ whereas they describe two straight 
lines ; therefore they are carried down, not 
by the force of gravity, but by a pressure of 
another kind which operates in what we call 
a vacuum. 

II, As the rays of the electric octher do 
not pass off from the points in a conical form 
when the machine is placed in vacuo, but 
4n a perpendicular line ; it is certain that the 
particles of fire do not recede from each other 
go . much when the air is absent, as when i^ 
is present ; therefore they do not recede from 
0ne another by Any inherent repulsive powett: 
for were they indued with such a power, 
they would be more at liberty to exert it 
when the pressure of the atmosphere is taken 
^.way, an4 ought to diverge most where they 

^ye found by experiment to diverge ieast^ 
tliat is, in an exhausted receiver. 

III, The continuance of motion in any 

spac^ 
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space doth not infer the necessity of a va- 
cuum. The contrary to this is so true, that 
a variety of motions may be exhibited, for 
the producing of which, the presence of a 
resisting medium is absolutely requisite. We 
have one instance of it in this experiment ; and 
^s the analogy I would here point out to the 
reader is atbipg^of no small moment, let me 
desire him to ponsider attentively with him- 
self, that if the glass g{Qbe, which we here 
make use of as a promptuary or fountain-head 
of elementary fire, were to send forth its 
store in the ordinary course of nature, as the 
globe of the sun doth send forth its light ; 
th? motion of this machine would be perpet. 
tu^l, not only in theory, but in practice. 

The same m^y be said of the revolution of 
the two lamps, in the instrument described 
at j&. 68 : fpr the motion of those lamps would 
bp perpetual, were their light as pprpetviaj 
a$ that of the sun is. 

There is another experiment, which I have 
frequently performed with much pleasure, 
^nd never without exciting some degree of 
adpniration in those who have beheld it. A 
small light bubble of glass being laid on a 
polished plate of metal, upon which a brassi 
¥jng (qf 9,bput half a foot in diameter). i$ go 
^ ^ - placed 



placed ais to be conveniently electrified 
vitbout electrifying the plate at the same 
time ; the little sphere of glass will describe 
an orbit about the ring, and will turn at 
the same time ^bout its own axis, the poles 
pf its rotation being nearly at right angles 
to the plane of its orbit. Here again, if the 
emission of light from the electrical globe 
were ^ constant as the supplies from the 
fun to the planets, the motion of this sphere 
would resemble the motion of the earth, as 
nearly in its perpetuity, as it doth in some 
other respects. 

In all these instances, a resisting medium 
does not hindpr motion, but actually pro- 
motes it, and is one of the immediate causes 
of it ; and, were these little experiments as 
adequate to the greater phaenomena of the 
universe as they are analogous to them, 
would render the motion perpetual. An 
hypothetical train of reasoning might lead 
us to conclude, that if less matter were in 
the space, the motion would be more free, 
and continue much longer : upon the sup- 
posed strength of which conclusion, (if a 
little geometry were interwoven with it, ) we 
might think it necessary to get rid of the air 
9kXkd of all Jiemibk matter; and then we 

VOL, VIII. c c should 
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should also get rid of the causes of motiort. 

. In a word, the facts now before us shew 
hoVN'' much we should lose by the application 
of this unphilosophical method ; which would 
promote the success of these experiments, 
just as much as we should enable a man to run 
faster^ were we to rid him of Ihe incumbrance 
df his boots and spurs by cutting off his legs. 
I think it hardly necessary to observe, as 

. the thing is so obvious, that although the 
mode of operation in each of these experi- 
ments is very different, yet the effects in all 
of them are deducible from the same causes, 
s fire and air, ordained in a wonderful manner 
to co-operate with each other. 

On Chap. VI. 

Page 76, 1. 14. &c. It hath been hinted to 
.me, by a learned friend who saw this chapter 
in manuscript, that the geometrical argu- 
ment of Dr. Keil, though it makes but an 
indifferent figure in the manner he hath 
stated it, may nevertheless be applied to de- 
monstrate an interstitial vacuum between the 
parts of bodies. And thus^much indeed 
it may warrant us to affirm, that if the world 
is filled with an homogeneous matter, all the 

particles 
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par ticleid of which are exact spheres, of equal 
«izes, and all of them in contact ; an inter - 
stitial vacuum must be the. consequence: 
and the ratio of the full space to the empty 
space, will be as the solid content of a sphere 
to the difference between that and the con- 
tent of a cube of the same diametpr. But 
then, how many suppositions is it necessary 
to make, before the way is clear to such a 
conclusion? and when we have attained it, 
it» leaves my argument but where it found it. 
For unless these homogeneous . sphe^res are 
out of contact, (the contrary . to which is 
supposed in the demonstration,) a motion 
propagated amongst them will be mechanical; 
and that is all I am contending for. But; 
such mathematical reasonings are all of them 
wide of the purpose, only tempting us to 
•jramblefromcthe real merits of the cause, and 
to multiply words, without knowledge ; an 
observation which ought to be as freely ap- 
plied to what I have hitherto said in answer 
to the demonstration, as to the demonstra- 
tion itself If we leave geometry to take its 
chancy, and make a transition to reason and 
observation, it will be hard enough to shew, 
that within. the whole created system of the^ 
•world there is any space capable of holding 

c c 2 a particle 



S88 Postscript 

n particle of matter, which has iiot 9ae?i a 
particle in it. A subtile substance, (that of 
fire or light,) not to be excluded by the sur^ 
faces of the most solid body, is in perpetual 
agitation, and ready, a» experience teaches, 
to find its way imto every channel capable of 
receiving it. It has likewise been praved 
above, that between the particles of this sub^ 
stancethere is no repulshe power to keep them 
at a distance from each other : and as Sir Isaac 
Newton hath given lis some fine experr<^ 
ments in bis Treatise of Optics^ whence it h 
highly probable that even the particles of 
light are of varioua aiseS) they will on thajt 
account fill up any given space the more 
completely ; and the interstitial vacuities, if 
they can be called such, will vanish intc^ 
something not worth regarding, because it 
is impossible to be conceived, w^leia the 
imagination should put a trick upon itself; 
which, I believe, is sometime* the ca^ev 
when it is^ contemplating such object^^ as are 
beyond its reach. If we keep within the 
limits of our understandings and attend t^ 
nature itself as it is displayed .before QW 
eyes, we may express both safely and truly 
all that is necessary to be affirmed upon this^ 
occasion, in the following wordi»|, lakesi froQi 

the 
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the discourse of Timasus Locrus tke Pytbar 
gorean — lb)f ^ w 1^ rAy Xiifjc/^tpHw iim 
TtMrm fpuv^ «4p re im rttp c^XXui^ i^k tru^c* 
9^c$f Si im rm^ yxt. AwavTA S'm trXi;^ tm, 
§tS&f KB»iO¥ mwoXiirdvTx — ^' Fire, by reason of 
** its subtilty^ penetrates into all things ; air, 
^^ into all the other elements, except Jire; 
"** and water into earth: so that the ivorld 
** is full of matter, and there is no vacuuHi 
'' left in it.'' N. B. this discourse ii sub- 
joined to Plato's Tiraseus ; or it may he fottbA 
in Gale's Opuscula Mythologica. 



0» BOOK IIL CHAP- IL 

An Addition to the Note at Page 207* 

AS I have here dropped an hint concertt- 
ing the danger wWch is to ke apfwre- 
hended fiom electricity; it may not be aaiiss 
to give some short accouRt of its goaiefftets, 
ISO far as they hav^^ fallen xm^ my ownr ob- 
servation. 

Agirl of about IZ ycsBt^ <^f age> 1^ d:aiig!itejr 
iof a shepherd kx thiia parisln of Wa^nho in 

c Q 3 North- 
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it was now visible enough, that the two 
streams, instead of passing off from the points 
in the form of a conical brui^h of raysi, with 
its axis parallel to the horizon, went perpen- 
dicularly dowmvurds in two parallel lines to 
the brass plate of the air-pump : and it was 
utterly impossible that the fire thus perpen- 
dicularly directed (had there been no othet 
reason for it) should occasion an horizotttal 
motion in the machine, 

Exp. IIL 

In order to try whether the fire, moving 
horizontally in the exhausted receiver, would 
have any better effect ; I placed a ring of 
brass wire within the vessel, and fixed it at 
such an height, that it coincided with the 
plane of the intended motion. The machine 
being again electrified under these circum- 
stances, the fire did now appear to issue ho- 
rizontally from the points toward the brass 
ring, and ithence it went down to the plate 
at the bottom, by means of some other small 
wires added for that purpose. But notwith- 
standing all this, the points of the machine 
vere ?tation^y. 
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Re/lections* 

I. The streams of fire do not fall down to 
the plate by their gravityy as two streams x)f 
water might be made to do from two orifices 
in the ends of a small horizontal pipe i for 
then the velocity with which they issue from 
the points should occasion them to describe 
a parabola^ whereas they describe two straight 
lines ; therefore they are carried down, not 
by the force of gravity, but by a pressure of 
another kind which operates in what we call 
a vacuum. 

II. As the rays of the electric either do 
not pass off from the points in a conical form 
when the machine is placed in vacuo, but 
an a perpendicular line ; it is certain that the 
particles of fire do not recede from each other 
80 . much when the air is absent, as when i^ 
is present ; therefore they do not recede from 
0ne another by Any inherent repulsive pawew: 
for were they indued with such a power, 
they would be more at liberty to exert i]t 
when the pressure of the atmosphere is taken 
^way, an4 ought to diverge most where they 

^re found by experiment to diverge leasty 
tliat is, in an exhausted receiver. 
m. The continuance of motion in any 

spac^ 
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space doth not infer the necessity of a va- 
cuum^ The contrary to tHis is so true, that 
a variety of motions may be exhibited, "for 
the producing of which, the presence of a 
resisting medium is absolutely.requisite. We 
have one instance of it in this experiment ; and 
^ the analogy I would here point out to the 
reader is atbipg^of no small momenta let me 
desire him to ponsider attentively with him-- 
3elf, that if the glass gipbcy which we here 
make use of as a promptuary or fountain-head 
of elementary fire, were to send forth its 
store in the ordinary course of nature, as the 
globe of the sun doth send forth its light ; 
the motion of this machine would be perpe** 
tviql, not only in theory, but in practice. 

The same m^y be said of the revolution of 
the two lamps, in the instrument described 
at J&. 68 : fpr the motion of those lamps would 
bp perpetual, were their light as perpetual 
at that of the sun is. 

There is another experiment, which I have- 
frequently performed with much pleasure, 
^nd never without exciting some degree .of- 
j^d:piration in those who have birfield it. A 
small light bubble of glass being laid on aj 
polished plate of metal, upon which a brasa: 
rjng (qf ^.bput Jialf a foot in diametpiO. i$ "go 
>-.^: placed 



placed ais to be conveniently electrified 
without electrifying the plate at the same 
time ; the little sphere of glass will describe 
an orbit about the ring, and will turn at 
the same time ^bout its own axis, the poles 
pf its rotation being nearly at right angles 
to the plane of its orbit. Here again, if the 
emission of light from the electrical globe 
were ^ constant as the supplies from the 
i^un to the planets, the motion of this sphere 
would resemble the motion of the earth, as 
nearly in its perpetuity, as it doth in some 
other respects. 

In all these instances, a resisting medium 
does not hinder motion, but actually pro- 
motes it, and is one of the immediate causes 
of it ; and, were these little experiments as 
adequate to the greater phaenomena of the 
universe as they are analogous to them, 
would render the motion perpetual. An 
hypothetical train of reasoning might lead 
^ to conclude, that if less matter were in 
the space, the motion would be more free, 
and continue much longer : upon the sup- 
posed strength of which conclusion, (if a 
little geometry were interwoven with it, ) we 
might think it necessary to get rid of the air 
and of all scmible matter; a^sid then we 

vpL, VIII. c e should 
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should also get rid of the causes of motiort. 
. In a word, the facts now before us shew 
hoVN'^ much wq should lose by the application 
of this unphilosophical method ; which would 
promote the success of these experiments, 
just as much as we should enable a man to run 
faster^ w^re we to rid him of Ihe incumbrance 
df his boots and spurs by cutting off his legs. 
I think it hardly necessary to observe, as 
the thing is so obvious, that although the 
mode of operation in each of these experi- 
ments is very different, yet the effects in all 
of them are deducible from the same causes, 
fire and air, ordained in a wonderful manner 
to co-operate with each other. 

On Chap. VL 

Page 76, 1. 14. &c. It hath been hinted to 
.me, by a learned friend who saw this chapter 
in manuscript, that the geometrical argu- 
ment of Dr. Keil, though it makes but an 
indifferent figure in the manner he hath 
stated it, may nevertheless be applied to de- 
monstrate an interstitial vacuum between the 
parts of bodiesi. And thus^much indeed 
it may warrant us to affirm, that if the world 
is filled with an homogeneous matter, all the 

particks 
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par ticleid of which are exact spheres, of equal 
sizes, and all of them in contact ; an inter - 
stitial vacuum must be the. consequence: 
and the ratio of the full space to the empty 
space, will be as the solid content of a sphere 
to the difference between that and the con- 
tent of a cube of the same diametpr. But 
then; how many suppositions is it necessary 
to make, before the. way is clear to such a 
conclusion ? and when we have attained it, 
it» leaves my argument but where it found it. 
For unless these homogeneous . spheres are 
out of contact^ (the contrary . to which is 
supposed in the demonstration, ) a motion 
propagated amongst them will be mechanical; 
and that is all I am contending for. But; 
such mathematical reasonings are all of them 
wide of the purpose, only tempting us to 
l-amble from«the real merits of the cause, and 
to multiply words, without knowledge ; an 
observation which ought to be as freely ap- 
plied to what I have hitherto said in answer 
to the demonstration, as to the demonstra- 
tion itself If we leave geometry to take its 
chancy, and make a transition to reason and 
observation, it will be hard enough to shew, 
that with in. the whole created system of the^ 
•world there is any space capable of holding 

c c 2 a particle 
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n pfirticle of matter, which hts Vtoi Bacli a 
particle iii it. A subtile substance, (thjat of 
fire or light,) not to be excluded by thp 8ur« 
faces of the most solid body, is in pei|>elaai 
agitation, and ready, a» experience teaches, 
to find its way imto every channel citable of 
receiving it. It has likewise been proved 
above, that between the particles of this sub^ 
stancethere is no repulshe power to keep thenfi 
at a distance from each other : and as Sir Isaac 
Newton hath given w some fine expen^ 
ments in bis Treatise of Optics^ whence it is 
highly probable that even the particles of 
l^ht are of variona aiseS) they will on thajt 
account fill up any given space the more 
completely ; and the interstitial vacuities, if 
they can be called such, will vanish into 
something not worth regarding, because i* 
is impossible to be conceived, 9^1e$a thfr 
imagination should put a trick upon itf^elf ; 
which, I believe, is sometime* the CMev 
when it is^ contemplating such objectfih 03 are 
beyond its veaek If we keep within tjie 
limits of our understanding, un4 attidnd t^ 
nature itself as it is displayed .befi^fe ow 
eyes, we may expresa both safely and truly 
4II that is necessary to be affirmed upon thi& 
^Gcasion^ in the following wohUi, taken ffiQiTi 

the 
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the discourse of Timsus Locrus tke Pytbar 
^orean — ^IIup ^ i#y 1^ rAy Mif\<fLifiia» i^m 
TltMrm Jpuv^ «f p 7ff Jim 7(My fllXXiii)^ i^k Wvf$f^ 
i^60f Si im TKq yxt. Ait a VTA S'm trXi}^ ivn, 
»iiv HiPiov wmokiv^ru — ** JPiVe, by reason of 
** its subtilty^ penetrates into all things ; air, 
** into all the other elements^ except Jire; 
'*^ and water into earth: so that the 'ivorld 
** is full of matter, and there is no vacuuHi 
'' left in it.'' N. B. this discourse ii sub- 
joined to Plato's Tiraseus ; oritmayhefoWi4 
in Gale's Opuscula My thologica. 



0» BOOK III. CHAF- IL 

An Addition to the Note af Page 207* 

AS I have here AmigfpeA an hint concertt- 
ing the danger which is to ke apfwre- 
hended fiona electricity ; it may not be aafiiss 
to give some short accoinri; of its goad effiets, 
ISO far as they hav^^ fallen und^ my own ob- 
servation. 

Agirl of about IZ yesBt^ <^f ag«> tbe daiig!itejr 
iof a shepherd kx this parisl^ of Wa^nho iu 

c c 3 North- 
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'' On Chapter V. 

' Page 68, 1/4. Sofrfie' Other motions like 
to that of the two lanips tliaylje contrived in 
a different manner. Fix a needle upon a 
pillar of glass or sealing wax four or five 
inches in length, and jilace a small wire irpon 
It,' pointed at each end, and bent into the 
shape expressed hy Jig. "2. of plate I. Let this 
little machine be so pliiced,' that you can 
electrify the brass cap in its centre by sparks 
from a wire hanging perpendicularly over it, 
btit not torching it; If the instrument is 
well made, arid the fire strongly communi- 
cated, ,the wire will turn upon its centre as 
fast as the flyers of a common jack : and if 
the room be darkened, you will see a ring of 
light formed by the electric oether as it streams 
from the points of the wire. 

This motion is so far from being stopped 
or retarded by the resistance of the circum- 
ambient medium, that there seems to be no 
better method of accounting for it than by 
deriving it immediately from such a resist- 
ance. The fire diverging from the points 
strikes upon the adjacent air ; while the air, 
reacting against the streams of fire, or resist- 

ing 
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ing them, gives a retrograde motion to the 
points of the wire; just as a chair, if placed 
upop casters, will run backwards, when the 
person sitting in it puishes against the wall 
with a stick. If the wall were out of his 
reach, his stretching out the stick would 
make no impression upon the chair: and the 
streapi^ of fire will be equally insufficient tp 
pfo^uce a motion in this machine, if there. 
be no air within the sphere of their activity,, _ 
To prove this, I made the three following ex- 
periments. 

Experiment I. 

I set the machine upon the plate of my 
air-pump; and having covered it with a 
large receiver, elect^^ified it by means of a 
wire passing down to it through a collar of 
leathers. While the receiver remained full, 
of air, the machine made its revolutions as 
well within the glass as it had done before i^ 
tl^e, open air. 

Exp. II. 

The same trial being made when the re- 
ceiver was exhausted, no motion ensued. 
Tile room being made dark, the operation of 
^he eleetiic^i machine was continued : and 
'\ ^ it 
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operation. There itras likewiaii k c6pt6u$ 6ii^ 
charge from the Mister, which for sottie d^ya 
liefore had produced nq effect, and was in a 
manner dri^d up. 

After the second operation she conthmed 
to mend. Aftet the fourthy she went hj 
herself upon crutches to a neighbour's house at 
lEome little distance. At this time the shocks 
Itfegan to hurt her so much as to make her 
shed teat s ; a plain pt6of that her limbs had 
1I6W in ft great meastire recovered t|ieir sen-» 
Sibility. 

After the sij^th oper^tioii, she was able to 
iralk up a steep hiU to church, without any 
assists^nce even from a walking-stick: and 
during this whole qbutse, no medicihes of 
^tiy ki*[d were administered. Some weak- 
liess did still remain, which electricity would 
BOt remove ; therefore I recommended the 
use of the cold bath, by the help of which 
she soon recovered her strength, and is now 
able to wofk fdr a livelihood nearly as well 
lis before, except that her leg on the right 
^ide is somewhat shorter than the other, 
which, as she w^lks, does necessarily ocpa- 
^ion her to sink a little on that side. 

After a time, she was much troubled with 
:ftn iftflamfla^tion i© hey eyes ; and there ap- 
peared 
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peared t6 be some violent humotirs afloat hi 
tha habit, dwitig (as I suppose) to a tr«tisk-» 
tion 6f the morbid matter from the netves td 
the blood-vessels, I had recourse to soiM 
of the methods commonly applied to npoit 
such occasions : and though the humour in 
her eyes is not absolutely cured, it is so fat 
corrected as to give but little trouble, and 
I think she will by degrees entirely get tht 
better of it 

As this case seems to be a remarkable one; 
I have given a circumstantial account of it; 
^tld the reader may depend upon the truth 
of all the particulars, tione of which (to th6 
best of my knowledge) are in any degree dis- 
guised or exaggerated. 

I have had other opportunities of trying 
the power of electricity : and though it ought 
jiot to be hastily cried up as a cure for afl 
diseases, which hath been the misfortune of 
many an useful remedy, some there certainly 
f^re to which it may be applied with a pro* 
spect of success ; and I could be glad to se0 
its usefulness properly ascertained, and di^^ 
preetly limited, by some candid and judi-? 
C^ibus getitleman of the faculty. From what 
has appeared to me within my own Kttlp 
Sphev^, I believe it may be of nmch nerWc^ 

in 



594 J. Postscript. 

ia pains of the rheumatismy^ and paralytic af^ 
fections, where they are recent, and tlie pa- 
tient not too far advanced in years. Some 
of the principal disorders arising from oh- 
^ructions might find great help from it, if 
they are taken in time: and it might he 
worth while to try whether it would not stop 
the progress of a gutta serena, or of any 
other disorder that may be referred to this 
class, which is a very numerous one. For 
experience teaches^ that it will put the mat- 
ter of the disease in motion, and power- 
fully promote ja diaphoresis; but it may re- 
quire the skill of a regular physician, and 
japme auxiliaries from medicine, to clear the 
body properly of the disease, and bring it tq 
an happy issue. 

Its greatest efficacy, I think, will be found 
in removing (and that in a very small space 
of time) all spasms or cramps, particularly^ 
such as proceed from any sudden co/</ upon 
the external parts. And it ^eem^ highly pro- 
bable, that, in the most extreme cases of this 
kind, immediate relief might be expected 
from it, even in that dreadful spasm which 
aft'ccts the muscles of the back or breast, and 
is so common both in the East and West 
Indies- Bontius, in his Hist, Nat & Med. 

Ind^ 
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Ind. Orient, p. 18. gives this description oi 
it i—Tam repentinus Sg subitus est alit/uando 
ejus impetus y &c. This disease is sometimes 
so sudden and violent^ that men are seized 
with it in a moment, and, become as rigid as a 
statue : the muscles in the anterior or posterior 
part of the body bemg contracted towards their , 
origin; by which means the patient is bent 
either backward or fonvard, and fixed in one 
posture or the other, as the affected muscles 
(ire situated* A shocking distemper this is 
indeed! which in the space of Jbur-and- twenty 
hours will carry off those whaare afflicted with 
it in eyCtreme agony, while the internal or vital, 
parts are perfectly sound, and in their natural 
State. The misery of these poor creatures has 
a ghastly effect upon their countenances ; es^ 
pecially if the disorder] be atte?ided (as it f re- 
quently is) with the cynic spasm or dog-like 
convulsion, by which both the cheeks are, 
draw^i aside toward the ears. The face is red, 
the eyes are livid, the teeth grate together i, 
find instead of their natural voice, they utter a, 
Strange noise, as if they were speaking from 
a cave under the ground: insomuch that per^ 
jsqns unacquainted with the case would actually 
f(ike them for dcemoniacs. 

Piso, who h^s writtea a Natural History of 

the 
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the West-Indies, telb uu the disease is gcme* 
tally owing to this cause— -qtiod interdiu ma- 
iSidi ac sudore Mtuante$y ab ingruente nocturM^ 
f rigor esibi non cctoent-^^^ that they who have 
•* beeti thrown into violent sweats by the heat 
*' and labour of the day, will afterwards too 
** carelessly expose themselves to the cold air 
^- of the night" He observes likewise, that 
ttk some occasions the teeth are closed so 
fast, that it is necessary to break open the 
inouth with a probe of iron ; and when this 
fe donejr the patient is perhaps utterly incs- 
|>able of swallowing ; so that nothing can be 
udministpred by the mouth to give him any 
fcelpr 

That an electrical operation might remove 
the cause even of this distemper, how fright- 
ful soever its syosptoi^s may be, I was in- 
'^uced to believe, first, by the following ac- 
cident A ^w months ago, one of my 
ftfiaid-servattts, by taking softie cold in the 
night, arose in the morning with that spainn 
which is commonly called a crick in the 
fieck; so violent, that hei* head was drawn 
»side toward one shoulder, and could not be 
(Stirred any way without causing an acute 
paiur I ordered her to place herself Upon a 
dtand supported by feet of glass, with a de- 
sign 



sign to electrify her ; au4 4e$iired ^ pei-so|x 
pr^esent to dra^w sparks with a finger from thjp 
point where the greatest pain was felt when 
she attempted to move her head. By thi^ 
means, in a minute or two, her head came 
nearer to the peipendicular, and, by conti^ 
auing the operation, was very soon restored 
to its natural position. Some soreness re* 
mained in the part ; but that was easily re- 
moved by keeping her neck warm. All tbp 
sparks that were drawn upon this occasioa 
raised so many little red pustules or blisters ^ 
which I think is not usual if the part be i|i 
an healthy state. 

This complaint, though less in degree, is 
the same in specie with that above-mentioned; 
and is sometimes of bad consequence, as it 
hath been known to be fixed upon a person 
for several years by being improperly treated 
at first. Now if electricity can give such 
immediate relief in one of these cases, n^ucjh 
flight be expected from it in the other* Avd 
the probability of this will faither appear, if 
we consider the ordinary methods of cure, 
which are the same in intention with 
those prescribed by Hippocrates, ^nd theisc 
we, bleedipg, friction, sudorifics, (if they 
cm hf fidministered,) and anointing tk^ 
6 patient 
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patient externally with the essential afom^f iC 
'oils, ai^ df cloves/ mace, oil of turpentihe; 
&c. for .these oils afe hut so many vehicles 

" ^of elementary fire. And would nbt the egent 

itself, unincumbefed with the vehicle,' and 

'passiiig instantaneously thrdugh all the moirt^ 

'mindte ducts of the part affected, produce 

the desired effect with much greater speed 

and efRcaty with less trouble^ and -equal 

' safety? 

The force of the electrical fire is princi- 
-pally exerted upon the nerves and teMons of 
the body : whence there is reason enough to 
believe, that this fluid is the same withi:h^ 
something which learned physicians have so 
much discoursed upon under the name of 
animal spirits. The nerves do not appear as 
if they were designed to admit within them 
any animal fluid or liquor, unless it be an in- 
'dolent lymph which is necessary to keep 
' them moist : but their pellucidity indicates 

' that they are properly adapted to give a direct 
passage to thefluid of light ; for they are trans- 
parent, and that not transversely, but longi- 
tudinally, or in the direction of their fibres. 
I once observed this accidentally, as some 
eyes of sheep and oxen, which I had pro- 
cured in order to dissect them, were lying 

before 
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before me upon my table. One of these eyes 
shone in the day-time, much in the same 
manner as the eyes of some animals do in' the 
dark^ Not being able to account foir this, I 
endeavoured to examine the fact as narrowly 
as I could ; and at length perceived, that if 
my hand were interposed between the nearest 
window and the extremity of the optic nerve^ 
(a part of which, nearly an inch in length, 
remained with the eye, and was accidentally 
pointed toward the window,) the light imme^ 
diately disappeared. 

This led me to consider, whether the light 
that appears in the eyes of some animals ia 
the night-time is really a reflexion of light 
from the eye, as is commonly supposed ; or 
whether it does not rather pass into the eye, 
through the optic nerve, from the body a£ 
the animal? Dr. Willis calls it Jubar insitum; 
and, for my own part, - 1 cannot conceive 
how this shining can be occasioned by a^ re- 
flexion of light from the ckoroides in the 
bottom of the eye, when the light to be re- 
flected (as in a dark night) is not visible be- 
fore its entrance into the eye. 

If a candle be held before the eyes of a 
<log, and you place yourself in the line of 
reflexion, the light will be visibly reflected 

from 



4|D0 Pestscripf, 

frem h\» eyes, because theJllumiA^tiptii j» 
iufficisfttly strong; l?ut when there is no yi- 
aible UluminatiQn i^t all, how i^hQuH H ac^ 
count for the like efFect? ^I'b^aQ^ it is more 
reasonihle that this appearance ^houlcl he 
owing to a light from within the body of the 
Animal, which being weaker than the light 
of the day, but stronger than the light of the 
night, is visible in the night and not in the 
(day. The light of those other bodies which 
fihiaein the dark, is inherent in the bodies 
themselves^ as in putrifying V^l, fish, rot- 
ten wx>od, phosphorus, the glpw^-wonn, &c. 
concerning the last of which, tba^ eminept 
anatomist and philosopher, T. Bartholine, 
hath this observation — Hn^brnt ilife (cicinde- 
Ics) si examineuturj lucidum humQrem in pg* 
Mteriore parte carpu^culh ubi cor latet^ qufi 
mavetur cor ^ illumimfurj tumdiu iphndorc 
mo rducenicmj quafndiu cqr vivit ^ miwptur* 
8i t^niputulum ocuH$ nortris ^9et p^tus ant- 
muilium, quam incindelm transpq^rm^ corpmcu- 
luftt, forsan non absimile lumm in cordc ap" 
pareretj quod ejptinguitur quamprimum c^tcr- 
no acripatety &c. '^ If a glw^orm be ex* 
** aminedj it will appear to bax^e a lucid liquor 
** in tM hinder part of its hodt/y whertthekeurt 
♦' is placed^ by which thefmrt i§ m§md and 

** illumi* 
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** illuminated; dnd this fluid retains its lights 
** so long as the heart of the insect retains iti 
** life and motion. IVere the breasts of ani-^' 
" mats as pervious to the sight as the transpa^ 
" rent body of the glow-worm, perhaps a light,) 
" analogous to this, might appear about iht 
** region of the heart, which light is extin*- ' 
" guished the moment it is exposed to the open 
^*air.'' T. Batthol. Epist de Flammuia» 
Cordis, p. 4. 



On Chap. IIL 

4n Addition to the Note at page 252 — 233- 

SpEAKtNG of the force that is exerted iil 
the experiments on artificial freezings I havd 
called it a force which art would find it dif- 
ficult to measure. Such I then iihagined 
it to be, and contented myself with relating 
an experiment, from which it could only be 
guessed at in the grossest mannen But being 
desirous of obtaining some certainty in an affair 
which deserves a deeper examination, I con-*^ 
Vot* VIII* p D trived 
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trived a way, this la&t winter^ of raeasuringi 
this force to a sufficient degree of exact*- 

I made use of the Ixfx already described 
in the foregoing part of this note. It wag 
filled, as before, with water purged of its ^zir ; 
and being covered, but not scre^^ed dpwn, it 
was placed upon an oaken pedestal, which^ 
had for its base a flat hewn stone of about a* 
foot square. The shorter arm of, a very 
strong lever was made to press upon the top 
of it ; and this lever was compounded with 
two others, by which the power of it was 
greatly increased. At the extremity of the 
longer arm of the most remote lever, a cord 
was fastened, wluch ran^ over a pulley, and 
had a weight of 28lb. hanging at the end 
of it. This weight, acting as a mechanical 
poweVy made the shorter arm of the first-men- 
tioned lever press down the cover of the box 
with a certain force, which, according to the. 
general law of all mechanics, was to the 28lb. , 
at the end of the line, as the space mov^d 
through by the pawer^ to the space moved 
through in the same time by the weight ; but 
these spaces being compared with each other, 
I found that the greater was to the lesser as , 
82 to I. So that if we multiply 2a ]xy 82 the; 

product 
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product will be 22961b. to which something 
must be added for the friction of the ma- 
chine, though I took what care I could to 
render its motion as true and easy as pos- 
sible. While the cover of the box was 
pressed down by so great a weight, the water 
inclosed within it was made to freeze ; and 
the agent by which the water was congealed, 
did fairly overcome the whole force of the 
machine. 

Though this experiment succeeded so far 
as to give me the satisfaction I wanted, it 
was interrupted by an accident I did not look 
for. When the water began to freeze, and 
the cover of the box to be raised up from the 
rim, I perceived that the ground yielded un- 
der the pressure, and that the flat stone which 
served as a basis to the pedestal was sunk a 
little below its first position. By this means 
the force was at first spent upon the ground, 
and did not take place in the machine till 
the ground would no longer give way. It 
was, however, so sensibly perceived in the 
machine likewise, as to prove that this force 
was at leaist superior to one ton two hundred 
and ninety-siw pounds. How much greatet 
it may prove to be, I cannot as yet affirm ; 
though I believe my apparatus would answer 

VJ>% th« 
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the purpose if it were required to pursue the 
experiment to the bottom. But there are so 
many circumstances to be nicely attended to 
in order to make it succeed, and so much 
time and trouble to be bestowed upon it out 
of doors in cold M^eather, that my patience 
was wearied out, for this winter at least, by 
a single attempt. 

The cavity of the box, as I find by gauging 
it, contains 5 cubic inches and to. Water, 
when it freezes, commonly increases in \ts 
bulk by 9 of the whole : therefore the space 
occupied by the aether, which exerted all this 
force upon the machine, was equal only to 
about TO of a cubic inch. And hence it will 
appear, by a calculation not worth particu- 
larizing, that the force of this aether (even 
in this experiment, which undoubtedly falls 
very far short of the whole truth, ) was about 
tivo hundred and seventy-three times greater 
than the ordinary pressure of the atmo- 
sphere, 

Mr. B. Robins, the engineer, found, by se- 
veral accurate experiments, that the force of 
fired gunpowder is about 1000 times greater 
than the pressure of the atmosphere : and 
the force of that agent which consolidates 
'ji^ater into ice, may be found equal to it, 

for 
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for ought that has yet appeared to the con- 
trary. We do not wonder at the power of 
fire, when it acts with a vehement degree 
of heat y although its effects are so, great 
that nothing can withstand it, as in gun- 
powder, and in the engine for draining mines 
by the steam of boiling water. But here we 
have the same substance (for the water was 
perfectly cleared of its air) exerting a most 
astonishing force, even when reduced to the 
temperature of ice ; and we may judge from 
the phaenomena of cohering bodies^ that this 
force will be greatest when the cold is 
greatest. 

The expansion occasioned by heat, and 
this expansion of water by frost, are cer- 
tainly not to be accounted for in the same 
manner. My own opinion, which I readily 
submit to the judgment of others, is this — 
that the force of heat arises from a veherpent 
motion, and vibration of the particles of fire ; 
whereas this cold force, like the shock in 
electricity, doth not proceed from elemen- 
tary fire as it gives heat, but as it restores 
an equilibrium which by some means hath 
been interrupted. 

This distinction I would support, by gi>v 

ing an instance of something similar to it 

V V ^ iu 
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in the element of air, which acts in two 
several capacities, viz. as wind^ and as soundy 
corresponding respectively with those, two 
different operations of fire. Sou fid arises from 
a vibration or undulatory motion of the parts 
of air ; whereas wind rushes into a more rare- 
fied space to restore an equilibrium : and, 
what is very wonderful, and very true, though 
it be hard enough to conceive, these two 
operations will either meet or cross without 
disturbing one another. If a great gun be 
fired two or three miles off to the eastward^ 
and the wind blows hard at the same time 
from the westward^ the sound will arrive in the 
same space of time as if its motion had con- 
curred with the motion of the wind. In some 
degree, the same thing is observable even in 
such a fluid as water ; one stream of which, 
if it moves swiftly over a smooth bottom, will 
cross many others nearly at the same angle, 
and appear to have suffered little or nothing 
from them, as I have frequently observed 
with some surprise. 

These considerations will enable us to see 
hi a proper light the following experiment, 
to which I have alluded at page 203. 1. 21. 
though I did not think it necessary to men-r 
tion it in that place. 

If 
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If an iron bar of some length be heatbd 
Ted hot in the middle, and you electrify it 
at one end, a spark of the electric aether 
nmay be drawn from the other. Such philo- 
sophers as do not carefully distinguish be- 
tween the motions of fluids and those of solid 
tnasses, will ask us how this can be, if ;fire 
and the electric aether are supposed to h^ the 
same thing ? Here is elementary fire going 
off in a stream at right angles to the axis of 
the bar; while the electric aether can go 
straight from one end to the other, without 
being absorbed, dissipated, and carried off 
in the common stream at the place which is 
red hot, or without being obstructed in its 
passage by a fluid of the same kindy as there 
is reason to believe it would he. But indeed 
there is not the least reason to believe this, 
as the parallel now before us will plainly de- 
monstrate. For when a cannon -is fired off, 
the air is throAvn into Subtile waves, spread- 
ing themselves very swiftly throughout ia 
circular space, of which the sonorous body 
is the centre. But a strong wind will blow 
'across this space, even through the centre 
of it, without being stopped itself, and with- 
jout retarding the motion of the sound. How 
nnphilosophical would it be to argue from 
p D 4 this 



40» JPastscript 

this observation, that the clement ^'hich 
brings sound to the ear, and the air which 
blowrs across it as a wind, are two diflFerent 
fluids? Who will venture to say, that the 
current of wind or the waves of sound ought 
to be obstructed by a fluid of the same kindj 
seeing all this is false by experience ? And if 
in the air two such effects can be produced 
•without any considerable disturbance, and 
-may consist well with each other, though they 
are apparently apposite and inconsistent ; how 
much more will they consist in the element 
of ^re, the subtilty of which will admit of 
a greater variety of motions, all of them 
more perfect in their kind, as fire is njor^ 
subtile than air. 

This experiment may also be rightly un- 
derstood only by considering what effect the 
pressure of the air will have on the surface 
of the iron bar. For if the part that is red- 
hot could by aay contrivance be included in 
^ space exhausted of air, the fire would be 
dissipated, and the bar would grow col4 
much sooner there than in the open air. 
Now the same pressure which will suffer the 
^re to escape but slowly, and in a certain 
surplusage, under the form of heat, doth 
ftlsp §uppre§s and keep in the electrical cur^ 
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rent, so that it shall go freely from one encj 
of the bar to the other without being dis- 
sipated ; whereas this, together with the heat, 
would be dissipated in an exhausted space as 
fast as if could be infused. 



On Book IV. Chap. I. 

Page 282. line 13. &c. Men of learn- 
ing have been divided in their sentiments 
concerning the optical knowledge of the 
ancients. Some are so swallowed up by au 
admiration of the discoveries that have been 
made in the last and in the present century, 
that they are tempted to pass sentence upon 
the skill of the ancients, before they know 
what the ancients have said for themselves ; 
and they imagine there is absolutely nothing 
to be said on the opposite side of the question 
but what arises from an irrational attach- 
ment to the wisdom of antiquity. But, set- 
ing apart all prejudice to one side or the 
other, I shall humbly offer a few short hint;s, 
only as an encouragement to some farther ex- 
amination of the subject, by those who have 
learning and leisure enough to undertake it. 

That 
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That the ancients were acquainted with 
*thc burning power of mirrors and glasses^ \s 
not disputed. M. BufFon of Paris contrived 
a method, some few years ago, of setting deal 
boards on fire by the reflected rays of the 
sun, at the distance of 200 feet, merely by 
a proper application of a number of plain 
looking-glasses : an experiment which did in 
a great measure re-establish the credit of 
what has been reported of Archimedes burn- 
ing the ships of the Romans at a: consider- 
able distance from the walls of Syracuse. 
See Phil Transact. No. 483. But although 
burning-glasses were known to the ancients, 
the moderns have denied that they did ever 
observe the power of glass in magnifying ob- 
jects, affirming that not the least hint of 
such a thing is to be found in any of their 
writings. How they could be possessed of 
the art of glass, and make a daily use of 
glass vessels of all sorts, without observing 
that objects appear larger through glass that 
hath a spherical surface, would to me, I 
confess, be hard enough to conceive, though 
there were not a single passage of antiquity 
that made any mention of it. But that the 
ancients did actually observe this, is clear 
from their own accounts. Seneca has these 

words — 
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words — Poma per vitrum aspicimtibus rmilto 
majora sunt-^-oVy as he expresses it in another 
part of the same book — si iiinatant vitro — 
** apples appear greatly magnijied to those 
*^ who view them as they swim in a vessel 
^^ of glass.'' Nat. Qucest. lib. I. cap. 6. 
This observation, it may be said, if they 
went no farther, could not be applied to any 
use ; the advantage that might be obtained 
by immerging the leaf of a book into a vessel 
of M^ater, in order to see the letters some- 
what magnified, would never be worth th6 
trouble. To read small letters with any 
tolerable convenience, either a portion of a 
sphere of solid glass, or an hollow sphere of 
glass filled with water, must be placed be- 
tween the object and the eye of the spectator. 
The latter of these they certainly had in 
use, and applied them as dioptric burning* 
glasses. That they could do this, and be 
ignorant of their magnifying power, would 
not be credible ; and the contrary is plainly 
affirmed. Seneca observes — Literce, quamvis 
minutce Sg obscures, per vitream pilam aqua 
pknam, major es clarioresque cernuntur. — 
/^ Letters, though minute and obscure, ap- 
** pear larger and clearer through a glass 
*' bubble filled with water." Ibid* cap. 7- 

It 
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It is scarce probable that any curious 
mathematician, of whom there were many 
among the ancients, should have been fa- 
miliar with so important an experiment with- 
out going farther : but how could this be 
done, unless they understood the way of 
grinding glass, so as to form it into portions 
of larger spheres ? To do this (says Dr. Hook) 
they must have known how to have wrought 
und ground their glasses^ as we do ; whereas 
in all probability the ancients knew only how 
to blow their glasses and make vessels of it. 
See Dr. Smith's Optics. Vol. 11. p. 16. 
Art. 94 of the Remarks. But here Dr. 
Hook was under a mistake ; for the ancients 
gave a figure to their glass, not by blowing 
only, as he has imagined, but by the three 
different methods in use with the moderns. 
Pliny describes the practice of the ancient 
artists in these words — Aliud flatu jiguratm\ 
aliud TORNQ TERITUR, aliud argenti 
modo co^latur, Sidone quondam iis officinis 
nobiliy siqiiidem etiam specula e.vcogitaverat. 
Hcecfuit ANTIQUA RATIO VITRL — 
*^ Some glass is fashioned by blowing ; some 
*' is ground upon a wheel, or in a turning- 
*Math; and some is engraved like silver. 
" Sidon was celebrated for his glass-works, 

** having 
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^^ having also invented specula. Such was 
*^ the ancient art of glass." Nat. Hist. lib. 36. 
cap. 26. In another place, Pliny calls this 
city of the Phoenicians— taS/V/o/z artifcv vitri. 
Lib. 5. cap. 20. As to the words — siquidem 
etiam specula e.vcogitaverat — I quote them as 
they stand in the text of the variorum edi- 
tion ; but the sense of the author is not 
clear. He may possibly mean more than we 
should expect : specula is a proper word to 
signify telescopes; and excogitaverat must 
allude to some notable invention. But as we 
may sift out of a dark expression more than 
the author himself understood by it, I dare 
not lay any great stress upon it. 

That glass was ground by the ancients, 
may be proved from the writings of Seneca ; 
for, how could a prism of glass be made by 
blowing ? Yet such things were in use among 
thjB virtuosi of Rome in the days of Nero — 
Virgula solet fieri vitrece — pluribus angulis — 
hcec si ex transvtrso solem accipit, colorem 
talem^ qualis in arcu videri 4olety reddiU 
** A rod or b5.r of glass (saith Seneca) is 
'*made, wfth several angles, which, if it 
** receives the rays of the sun through it, 
** makes such colours as we see in the rain^ 
^' hm.'' Nat Quest, lib. 1. cap. 7. And 
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be speaks of multiplying glasses, the several 
faces of which must undoubtedly have been 
cut upon a wheel. Si apte fabricata foret^ 
totidem redderet soles, guot habuisset insectu- 
ras. Ibid. — But there is one observation I 
otrght not to omit, viz. that although Seneca 
speaks so expressly of the use of glasses, and' 
mentions the refractioii of an oar in the 
wattr, he does not seem to have any idea of 
Xhc printiples wi^oii which these effects are 
btought to pass. 

Spectacles are supposed to haVe been first 
kno\i^ about the latter end of the 13th cen- 
tnry: but there is little doubt to be made 
that our famous countryman Friar Bacon " 
was acquainted both with spectacles and 
tdescopfes before that time. Upon any other 
suj^osition, his own expressions on the sub- 
ject ' are altogether unaccountable. And I 
am inclined to believe, that some traces may 
be "found of an earlier date. Amongst the 
adages of Junius (published in the same vo- 
lume with' those of Erasmus) this short "pas- 
sage is extracted from Pisidas, ^ Christian 
writer, who flourished at Constantinople in 
the 7th century — Tu jubXXovtu tag Sioc ^^ottJ^is 
ru, (iXsifsig, ** you see things future as by a 
^' dioptruin.'^ What can this dioptrumhe? 
6 Must 
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Must we not understand by it either a spec^ 
tacle-glass, or a prospective-glass ? We know 
of no other instruments whereby things in- 
4istinct and at a distance may be seen as if 
they were near at hand. The art by which* 
this is brought to pass, is plainly the subject 
matter of the simile- The author, (Junius, ) 
in whom I accidentally met with this pas- 
sage, being himself ignorant of the telescope^ 
takes this dioptrum for the sights of a qua- 
drant, or some other geometrical instrument. 
But how can these sights (unless they are 
telescopic ones) afford any resemblance to 
that prophetical jsagacity in the mind, whereby: 
it. sees things as yet at a distance ; to which 
nothing in the world can be so nearly like, 
as that power of seeing distant objects by 
the help of optical glasses ? As to the plain 
sights of a quadrant, &c. the eye is so far 
from being assisted by them, when it views 
a distant object, that the chief difficulty 
an artist has to contend with, is that of mak- 
ing the accuracy of the line of coUimation . 
upon the instrument consist with clear and 
distinct vision. 

It may seem strange, indeed, that if diop^ ■ 
trie, glasses were anciently in use, we should 
hear of them no oftener in the writings of 
the ancientSa This may be hard to. account . 



416 Postscript. 

for } and yet it may be very unsafe to draw 
a positive conclusion from negative evidence. 
Friar Bacon mentions the refractions of the 
sun's rays through a glass sphere : but as he 
does not say totidem verbis that he ever 
viewed an object through such a sphere, the 
learned Dr. Smith is of opinion (if I do not 
misunderstand him) that he had no expe- 
rience of its magnifying power. See Optics. 
Vol. II. p. 21. R. And had Seneca de- 
scribed his glass ball filled with water only 
as a burning glass, this might haVe tempted 
us to argue that he knew nothing of its 
use in magnifying letters : only he happens 
to have precluded such a conjecture by de- 
claring the contrary. He might know more 
than he has spoken of: the mathematicians 
and workers in glass of those days might 
know more than he did : and the ancient 
Greeks and Phoenicians might know more 
than the Latins : but the accounts we have 
of many ancient works of art are so much 
broken by the injuries of time, the ambi- 
guities of language, the succeeding interests 
of different sects of philosophers, and the 
barbarism of the intermediate ages, that it 
must now be veiy difficult to establish this 
supposition by so many and clear proo& a» 
ought to be deeijiied satisfactory. 

If 
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If we should argue by inference, the case 
will be a little altered. The cabinets of the 
curious are said to contain some very ancient 
gems of admirable workmanship, the figures 
upon which are so small, that they appear 
beautiful through a magnifying glass, bjut al- 
together indistinct and confused to the naked « 
eye. And if they cannot be viewed, how 
could they be wrought without the assistance 
of glasses? How could it be known, that the 
moon has a form like to that of the earth ; 
that it has plains, hills, and vallies in it? 
When it is seen through a telescope, the dis- 
position of the lights and shadows render this 
very evident upon the common rules of per- 
spective ; but no such thing appears to the 
naked eye. How could it be known, that 
the via lactea arises from the combined rays 
of an infinite number of small stars ? How 
came the true solar system to have been so 
well known and described by the most emi- 
nent philosophers of antiquity; when the 
best, and indeed the only decisive proofs of 
it, must be derived from the telescope? But, 
above all, how came it to be asserted (as we have 
already seen at p. 289) that the sphere of the 
fixed stars is so immense^ that the circle of the 
earth's annual orb bears no greater a propor- 

VOL. VIII. E E tion 
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tion to it thafi the centre of any sphere bears 
to its whole surface ? This does so far exceed 
the comprehension of the human mind, that it 
is now the most indigestible truth in the mo- 
dern astronomy; and never was asserted 
since the revival of the Pythagorean scheme, 
till Dr. Bradley, by a course of the most ac- 
curate observations that ever were made with 
a telescopic apparatus, reduced the annual 
parallax of the fixt stars to an insensible 
quantity. 

Many ingenious men, and some good ma- 
thematicians who never descended to the 
practical part of astronomy, are ready to sus- 
pect the truth of all such conclusions in the 
science as depend upon the measuring of an- 
gles to a very few second minutes of a degree. 
But, for my own part, though I would not be 
bound to follow the speculatioiis of every mo- 
dern astronomer, lam not disposed to question 
the truth of any astronomical discoveries pre- 
tended to by so great a master of the science as 
Dr. Bradley, furnished as he is too with the 
finest instruments in the world : and I think 
I can guess very nearly at the degree of ex- 
actness that may be attained, by what I have 
been able to learn in this way from my own 
experience. I bestowed some pains in contriv- 
ing 
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ing and executing an instrument of a large 
radiUiS, with telescopic sights, &c. which in 
the many observations I have made with, it, 
has far exceeded my first expectations. "In 
June 1761, I had an opportunity (wliich I 
had long desired) of observing the obliquity 
of the ecliptic ; and knew I could so far de- 
pend upon the observation, when compared 
with that of Mr. Flamsteed and some others, 
as to be morally certain that this obliquity is 
not so great at present, by about one minute 
of a degree, as it was an hundred years ago. 
I transmitted the result of my observation to 
a learned gentleman, eminently skilled in 
astronomical studies, who has very lately in- 
formed me, that it differs only 2^' from the 
obliquity at that time as determined by Dr. 
Bradley. 

These few reflexions on the optical know- 
ledge of the ancients I have thrown hastily 
together, merely as an essay, to be carried 
farther (if it is worth it) by those who are 
more advantageously situated for such an 
employment. My reading is so circumscribed 
by the books in my own study, that I have 
no opportunity of going any deeper into this 
affair at present ; nor have I any interest on 
one side of the question or the other. As 
3 the 
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the ancients were in possession of much va- 
liiahle truth, and have delivered down to, us 
the best elements, and some of the highest 
conclusions, in almost every science ; it is a 
piece of justice due to them, from all men of 
letters, never to pronounce upon them from 
their own prejudices, but to obtain what 
light they can by a perusal of their writings ; 
an employment which will be attended with 
more pleasure and satisfaction, and turn also 
to a much better account, than the taking 
up of an opinion upon trust from any modern 
writer whatsoever. 
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